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Preface 


The  purpose  of  this  effort  was  to  predict  the  time 
evolution  of  a  chaff  cloud  deployed  in  orbit  around  the 
earth.  The  idea  of  using  a  space-deployed  chaff  cloud  as  a 
jamming  device  for  satellite  communications  was  proposed  by 
Captain  Tommy  Brown  in  1987. 

The  bulk  of  the  research  was  in  two  areas:  dissecting 
and  understanding  the  statistical  mechanics  approach  to 
satellite  breakups  as  presented  by  William  Heard  of  the 
Naval  Research  Laboratory^  and  reassembling  the  information 
into  a  useable  form  in  spreadsheet  programs  so  the  chaff 
cloud  could  be  studied  at  various  points  in  time  and  for 
various  dispensing  velocities.  The  work  is  far  from 
complete^  however;  and  further  research  into  this  area  would 
be  useful.  Of  particular  value  would  be  a  computer  program 
which  could  more  efficiently  model  the  chaff  cloud  over 
time,  thus  saving  countless  hours  for  any  further 
researcher . 

Throughout  the  course  of  my  research,  I  have  had 
extensive  help  from  my  thesis  advisor,  Lt  Col  Howard  E. 

Evans  II  and  will  be  forever  in  his  debt.  I  would  also  be 
remiss  if  I  did  not  mention  th,  close  friends  who  were 
always  there  to  listen  to  my  tirades  and  helped  keep  me 


focused  on  the  project:  Bob  Chekan,  Wayne  Gale^  Steve 
Hi Idenbrandt^  Neil  Schoon^  Gary  Wilson,  and  Frank  Gallagher 
These  guys  collectively  spent  countless  hours  letting  me 
bounce  questions  off  them,  and  just  plain  listening  to  me 
when  1  wanted  to  rant  and  rave  in  frustration  or  "strut  my 
stuff"  in  success.  Finally,  and  most  of  all,  I  want  to 
thank  two  others  without  whose  help  1  would  never  have 
gotten  to  AFIT,  much  less  completed  this  thesis:  my 
beautiful  wife  Brenda  and  my  Lord  Jesus  Christ. 


Alan  R.  Sterns 
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Abstract 

This  stuay  predicts  the  time  evolution  of  the 
attenuation  characteristics  of  a  chaff  cloud  deployed  in 
orbit  around  the  earth.  The  study  consists  of  three  parts: 
applying  the  statistical  mechanics  solution  of  a  satellite 
breakup  model  by  William  Heard  of  the  Naval  Research 
Laboratory,  solving  for  particle  density  at  any  time  after 
dispensing,  and  calculating  the  attenuation  of  an  8  GHz 
signal  through  the  cloud.  The  study  shows  that  significant 
levels  of  signal  attenuation  can  be  achieved,  with 
attenuations  of  greater  than  -50  dB  lasting  for  several 
hours .  — 


THE  USE  OF  CHAFF  IN  SPACE  AS  JAMMING  DEVICE 
BETWEEN  GROUND  STATIONS  AND  SATELLITES 

li  iQirodysllsD 

This  chapter  provides  a  general  background  for  the 
problem  of  deploying  a  chaff  cloud  in  orbit  about  the  earth 
with  the  purpose  of  jamming  satellite  communications.  It 
describes  why  this  research  effort  was  needed,  and  exactly 
what  the  problem  entailed.  Finally,  it  provides  an  outline 
of  the  scope,  assumptions  and  sequence  of  presentation  which 
follow. 


Background 

To  fully  understand  the  need  for  and  scope  of  this 
research  effort,  some  background  knowledge  concerning  both 
chaff  and  statistical  mechanics  is  required.  This  section 
provides  the  basic  information  needed  to  understand  the 
orbital  chaff  cloud  jamming  problem. 

Reflective  chaff  is  an  electronic 
countermeasure  (ECM)  device  consisting  of  a  large  number  of 
tiny  dipoles  that  are  deployed  in  a  rapidly  expariding 
"cloud,"  and  is  used  to  attenuate  incident  electromagnetic 


signals.  The  individual  chaff  particles  affect  this 


attenuation  by  reflecting  and  absorbing  portions  of  the 
incoming  signal  (Brown,  1987:4“1).  The  wavelengths  of  the 
incident  signal  most  attenuated  by  a  chaff  cloud  are  those 
which  are  approximately  double  the  length  of  the  individual 
chaff  particles  (Butters,  1982:197).  Some  a_Briori 
knowledge  of  the  incident  signal  is  thus  required  so  thet 
the  chaff  particles  can  be  constructed  at  the  proper  length 
for  maximum  signal  attenuation  to  occur. 

Chaff  is  routinely  deployed  in  the  atmosphere  by  the 
Air  Force  and  Navy  as  a  decoy  to  intercept  radar  signals 
targeted  for  planes  and  ships,  thus  allowing  the  intended 
targets  to  avoid  detection  and  subsequent  destruction. 

Due  to  the  aerodynamic  forces  which  act  on  the 
individual  chaff  particles  in  the  atmosphere,  a  chaff  cloud 
rapidly  blooms  (expands)  and  begins  falling  to  earth  shortly 
after  deployment.  Therefore,  it  is  a  very  transient  EC!*! 
device.  In  space  the  aerodynamic  forces  are  minimal, 
however,  so  a  chaff  cloud  would  be  a  relatively  long-lived 
entity. 

Brown  has  proposed  that  chaff  in  space  could  be 
effectively  used  to  jam  satellite  communications  if  a  cloud 
of  chaff  with  sufficient  density  and  of  the  proper  resonant 
wavelength  were  used  (Brown,  1987:4-1  to  4-24).  In  order  to 
assess  the  utility  of  deploying  chaff  in  space,  a  model 


describing  the  physical  blooming  characteristics  of  the 
chaff  cloud  needs  to  be  developed. 

A  blooming  model  for  chaff  in  outer  space  would  have  to 
include  the  following  information:  the  size  of  the  cloud  in 
three  dimensions  at  any  given  time,  the  particle  density  of 
the  cloud  at  any  given  point  in  space,  and  the  rate  of 
expansion  of  the  cloud  in  all  directions.  The  cloud  model 
would  also  have  to  be  useable  from  any  reference  point  on 
the  earth  to  determine  whether  a  signal  sent  between  the 
ground  and  a  satellite,  or  vice  versa,  would  be  properly 
attenuated. 

§5§5i§5i£§i-{?§£!l§Di£S_ABB£9§£bi  Ideally,  the  position, 
velocity,  and  density  of  a  collection  of  particles  can  be 
described  using  Newton's  Laws  of  Motion,  particularly  his 
Third  Law:  F  =  ma,  where  F  is  the  force  acting  on  a  given 
particle,  m  is  the  particle's  mass,  and  a  is  the 
acceleration  vector  of  the  particle  in  three  dimensions. 

When  the  number  of  particles  whose  motion  needs  to  be 
described  becomes  Large,  however,  the  use  of  Newton's  Third 
Law  becomes  impractical  and  an  approach  using  statistical 
mechanics  is  often  taken. 

Statistical  mechanics  refers  to  the  study  of  the 
collective  properties  of  a  system  consisting  of  a  large 
number  of  small  particles  whose  exact  position  and  velocity 
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coMponcnts  are  either  unknown  or  difficult  to  describe 
(Johnson  and  KcKnight,  1987:56).  Since  the  chaff  cloud 
problem  involves  billions  of  individual  particles,  a 
statistical  mechanics  approach  is  justified. 

Si  SSSDi 

This  study  uses  the  statistical  mechanics  approach 
described  by  William  B.  Heard  of  the  Naval  Research 
Laboratory  in  his  paper  ‘’Dispersion  of  Ensembles  of 
Non-Interacting  Particles"  and  describes  the  time  history  of 
the  size,  shape,  and  particle  density  of  a  space  deployed 
chaff  cloud  based  on  stated  initial  conditions  at  an  ideal 
spherical  deployment.  The  study  then  uses  the  size  and 
shape  information  for  the  cloud  and  the  pTticle  densities 
within  the  cloud  to  determine  the  attenuation  of  a  signal 
from  a  ground-based  antenna  to  a  satellite  located  behind 
the  cloud.  The  attenuation  study  examines  signal 
attenuation  along  a  column  which  runs  from  the  part  of  the 
cloud  closest  to  the  earth,  through  the  center  of  the  cloud, 
and  out  the  part  of  the  cloud  nearest  the  satellite.  Since 
the  c loud  is  continually  changing  in  size,  shape  and 
density,  the  attenuation  study  i s  accompli  shed  by  taking 
"snapshots"  of  the  cloud  at  various  times  after  initial 
deployment.  The  dispensing  velocity  of  the  cloud  is  also 
varied  to  determine  the  dispensing  velocity  which  provides 


the  Most  effective  attenuation  over  a  specified  period  of 
tiMe«  This  inforaation  is  then  used  to  determine  if  jamming 
occurs^  and  if  so,  over  what  time  period  and  for  what 
dispensing  velocities. 


§£9BS_9l_ES5S9££b 

The  research  effort  examines  the  following: 


1)  existing  data  which  describes  the  time  evolution 
of  a  collection  of  particles  in  earth  orbit; 

2)  the  field  of  statistical  mechanics  as  it  applies 
to  the  chaff  cloud  problem; 

3)  Heard's  solution  to  the  statistical  mechanics 
problem  of  numerous  particles  in  orbit  about  a 
large  body,  and  its  application  to  the  chaff 
cloud  problem; 

4)  Brown's  stated  requirements  for  the  attenuation 
of  electromagnetic  signals  through  a  chaff  cloud 
and  equations  appropriate  for  signal  attenuation 
ca cul  nt  i  ons . 


iii9iy5l9D_9l_?9E£l£i§§i  A  knowledge  of  the  anticipated 
time  history  evolution  of  a  chaff  cloud  is  essential  in 
determining  if  the  results  obtained  via  statistical 
mechanics  provides  accurate. data.  Several  research  efforts 
have  addressed  this  area  in  the  past.  The  results  of  two  of 
them  have  been  examined  in  this  study  to  provide  a  basis 
with  which  to  compare  the  results  of  the  statistical 
mechanics  solutions. 
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The  first  of  these  studies  is  the  work  done  by  Ross  in 
1961  which  provided  a  theoretical  basis  for  the  evolution  of 
8  group  of  particles  deployed  from  a  satellite  in  earth 
orbit  (Ross^  1961:79-83). 

A  second  research  effort  entitled  "Project  Westford" 
exanined  the  usefulness  of  a  dipole  cloud  in  earth  orbit  as 
an  aid  to  long-distance^  point-to-point  communication. 
Project  Westford  got  into  full  suing  upon  the  release  of  480 
million  dipoles  into  earth  orbit  on  10  May  1963.  The 
resulting  cloud  of  particles  was  used  to  reflect  radio 
signals  between  a  ground-based  transmitter  and  a  receiving 
antenna  located  at  a  distant  location  (Overhage  and  Radford^ 
1963:452) . 

The  long-term  (days  to  months)  evolution  of  the  chaff 
cloud,  although  an  interesting  aspect  of  the  problem,  is  not 
addressed  in-depth.  Since  the  current  problem  involves  only 
whether  or  not  a  signal  can  be  attenuated,  and  if  so,  for 
how  long,  the  final  shape  of  the  cloud  is  of  no  particular 
interest.  After  the  attenuation  of  the  incident  signal 
drops  below  a  specified  value,  the  evolution  of  the  cloud  is 
no  longer  pertinent  to  this  stuoy. 

i§f l£§i_?!§£b§Di£§_§2iyf l9D§i  Statistical  mechanics 
has  applications  in  many  wide  ranging  disciplines. 

Therefore,  a  list  of  some  of  these  applications  are  provided 


to  further  Introduce  the  subject.  Firsts  specific  areas  of 
application  of  statistical  mechanics  are  listed.  Then^  the 
Boltzmann  equation^  which  is  used  to  describe  the  time 
history  of  the  distribution  of  a  collection  of  particles,  is 
presentedu 

Several  researchers 

have  done  work  using  statistical  mechanics  which  they  claim 
can  be  used  to  describe  such  systems  as  the  rings  of  saturn, 
satellite  breakups,  the  asteroid  belt,  meteor  streams,  and 
moving  star  clusters  (Hameen-Anti I  la,  1976:145;  Heard, 
1976:63;  Johnson  and  Mcknight,  1987:56-57).  The  results  of 
these  efforts,  when  compared  with  the  results  of  the  two 
particle  evolution  studies  mentioned  previously  are  used  to 
solve  the  problem  at  hand.  In  particular,  the  local 
densities  at  various  points  throughout  the  chaff  cloud  are 
determined.  This  in  turn  leads  to  the  actual  number  of 
particles  lying  within  various  subvo lumes  within  the  cloud. 
These  particle  denswies  are  also  examined  at  various  time 
intervals  aftsr  deployment  of  the  cloud.  The  attenuation  of 
the  signal  through  each  subvolume  (and  subsequently  the 
entire  cloud)  is  then  determined. 

£§Dy§Tl9Di  1987  Master's  thesis.  Brown 

provided  several  equations  describing  the  attenuation  of  a 
radio  signal  through  a  chaff  cloud.  His  procedure  depends 
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on  the  number  of  particles  encountered  by  the  incident 
signal.  Brown  also  described  the  size  of  a  chaff  cloud 
required  to  jam  an  area  the  size  of  Washington  D.C^  the 
required  altitude  of  the  chaff  cloud  for  this  scenario^  and 
time  requirements  for  signal  attenuation  (Brown,  1987:4-3  to 
4-5,  4-13  to  4-17).  In  order  to  prevent  the  unnecessary 
duplication  of  effort,  his  results  are  applied  directly  to 
the  above  statistical  mechanics  solutions  to  determine  the 
attenuation  of  the  signal  through  each  of  tne  subvolumes 
described  above.  By  examining  the  attenuation  through 
subvolumes  which  line  up  directly  with  each  other  along  a 
central  column  through  the  chaff  cloud,  and  by  multiplying 
together  the  percentage  of  the  signal  which  passes  through 
each  of  these  subvolumes,  the  percentage  of  the  signal  which 
penetrates  through  the  cloud  is  determined. 

Assumptions 

Several  general  assumptions  are  made  to  help  simplify 
the  calculations  and  keep  the  scope  of  this  research  effort 
manageable.  The  assumptions  are  as  follows: 

1)  All  the  chaff  particles  can  be  instantaneously 
and  ideally  deployed  in  orbit  at  the  specified 
time,  tp. 

2)  The  cloud  will  follow  an  ideal,  circular  orbit 
around  a  non-rotating  earth  and  will  experience 
no  perturbations. 
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3)  There  will  be  no  physical  interaction  between 
individual  chaff  particles  after  deployment. 


4)  The  initial  dispersion  pattern  will  be 
spherical . 

5)  The  electromagnetic  signal  will  always  be 
directed  normally  to  and  through  the  point  of 
initial  dispersion  (centroid)  of  the  cloud  to  a 
geosynchronous  satellite. 

6)  The  incremental  velocity  imparted  to  the  chaff 
particles  upon  deployment  is  very  much  less  than 
the  velocity  of  the  parent  body  in  its  orbit. 

Seguence_of_P resent  at  ion 

Firsts  the  research  is  presented  beginning  with  a 
review  of  current  literature  relating  to  the  problem  of 
deploying  a  chaff  cloud  in  earth  orbit.  As  outlined  above, 
this  includes  a  look  at  the  evolution  of  the  cloud  using 
classical  approaches,  a  discussion  of  statistical  mechanics, 
a  presentation  of  specific  statistical  mechanics  solutions 
to  orbital  problems,  and  a  synopsis  of  signal  attenuation  as 
described  by  Brown. 

A  short  methodology  section  briefly  describing  the 
proc«ss  involved  in  the  solution  of  the  problem  is  next, 
followed  by  a  section  building  on  the  theories  outlined  in 
the  lite-ature  review  section.  Appropriate  adaptations  for 
the  c  «ff  cloud  problem  are  included. 

Following  that  is  a  section  that  provides  the  solutions 
to  vNr?  chaff  cloud  problem,  including  two-dimensional 
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graphical  representations  showing  the  physical  dimensions  of 
the  chaff  cloud  as  a  function  of  time.  These  results  are 
then  analyzed  using  the  attenuation  model  to  show  the  time 
period  over  which  effective  jamming  by  the  chaff  cloud 
occurs . 

The  final  section  provides  some  conclusions  regarding 
the  chaff  cloud  problem  and  recommends  some  areas  of  study 
where  future  research  might  be  useful. 


IJi  5syiss«2l^l:15sr5iyrs-§D9-.§5£^9r9yDd.Ssifsi9B[DSDi 

This  chapter  provides  an  in-depth  review  and  some 
development  of  the  background  information  which  forms  the 
basis  for  this  research  effort.  It  is  divided  into  the 
following  sections:  discussions  of  chaff  cloud  evolution  in 
general^  ^  review  of  statistical  mechanics^  solutions  to 
orbital  problems  similar  to  the  chaff  cloud  problem  using 
statistical  mechanics  approaches,  and  a  review  of  the  theory 
of  signal  attenuation  through  a  dipole  cloud. 

£i9yy_iy9iysi9D 

As  mentioned  in  the  previous  chapter,  several 
researchers  have  addressed  the  problem  of  the  evolution  of  a 
collection  of  particles  that  has  been  released  from  a  parent 
satellite  in  earth  orbit.  Since  this  paper  is  mainly 
■concerned  with  the  density  of  the  chaff  cloud  and  an 
integration  across  its  volume,  and  since  statistical 
mechanics  will  be  used  to  provide  the  actual  numbers  to  be 
used,  this  section  does  not  apply  any  rigorous  mathematics. 
Instead,  only  a  description  of  the  most  general  aspects  ot 
chaff  cloud  evolution  in  earth  orbit  will  be  discussed. 

Qr91i§i_!l5§?b9Dl£§_BS5'i®yz  order  to  fully  understand 
a  satellite's  orbital  motion  about  the  earth,  a  knowledge  of 
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the  basic  orbital  paraneters  is  required.  This  section 
provides  a  review  of  sone  of  the  basic  concepts  and 
definitions  associated  with  orbital  mechanics. 

The  coordinate  system  for  an  earth-orbit  is  a 
right-handed>  inertial  system  with  the  origin  at  the  center 
of  the  earth.  The  I-axis  points  in  the  Vernal  Equinox 
direction  and  passes  through  the  earth's  equator.  The 
J-axis  is  located  90  degrees  from  the  I-axis  along  the 
equatorial  plane.  The  K-axis  is  orthogonal  to  the  other  two 
principle  axes  and  points  through  the  north  pole  (Bate  and 
others,  1971:58). 

There  are  six  b;»sic  orbital  parameters :  semi -major 
axis  <a),  eccentricity  (e),  inclination  (i).  Longitude  of 
the  ascending  node  (i?) ,  argument  of  perigee  ((».*),  and  time  of 
perigee  passage  (T).  All  of  the  orbital  parameters  are 
described  i,n  "Fundamentals  of  Astrodynemi  cs"  by  Bate, 
Mueller,  and  White  (Bate  and  others,  1971:58).  The  orbital 
parameters  are  represented  pi ctorial ly • in  F.^ure  1. 

Three  additional  aspects  of  a  satellite’s  motion  which 
are  also  important  to  the  chaff  cloud  problem,  although  not 
included  among  the-  basic  orbital  parameters,  are  the  period 
of  tha  satellite's  orbit  (P),  the  specific  mechanical  energy 
of  the  orbit  (E),  and  the  satellite's  mean  motion  (n). 

The  period  is  the  amount  of  time  it  takes  a  satellite 
to  comolate  one  ravolution  .^bout  the  earth  and  is  usuall/ 


T 
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measured  in  minutes.  A  satellite's  period  is  defined  as 
follows: 

3  1/2 

P  a  2?r<a  /K  i  (1) 

where  a  is  the  semi**major  axis  and  K  equals  the  Universal 
Gravitational  Constant  <G)  multiplied  by  the  mass  of  the 
earth  <M)  (Bate  and  others^  1971:33). 

The  specific  mechanical  energy  of  each  particular  orbit 
is  constant  and  related  to  K  in  the  following  manner: 

E  =  v^/2  -  K/r  (2) 

Here,  v  is  the  magnitude  of  the  satellite's  velocity  and  r 
is  the  distance  from  the  center  of  the  earth  to  the 
satellite  (Bate  and  others,  1971:16). 

Mean  motion  is  the  time  it  take*  a  satellite  to 
complete  one  radian  of  travel  about  its  orbit  and  is  defined 
as  follows: 

3  1/2 

n  =  (K/a-^)''*  (3) 

where  K  and  a  are  the  same  as  in  Eq  (1)  (Bate  and  others, 
1971 :185) . 

From  the  relationships  described  above,  it  can  be  shown 
that  any  change  in  a  satellite's  energy  directly  affects 
both  the  satellite's  period  and  the  semi-major  axis  of  the 
satellite's  orbit  (Thomson,  1 986:58) .  Shapiro  states  that  a 


change  in  satellite  velocity  will  not  change  the  energy  of 
the  satellite's  orbit  unless  &  component  of  the  velocity  is 
in  the  direction  of  satellite  motion^  Velocity  components 
in  the  other  two  orthogonal  directions  have  effects  only  on 
the  other  orbital  parameters,  particularly  'e'  and  'i' 
(Shapiro  and  others,  1964:483). 

P£§ii!D2Q§r)f-S§§y!!!Bf i9D§_§Dd-^®iySi  To  understand  a 
description  of  the  evolution  of  a  particle  cloud  in  orbit, 
it  is  best  to  begin  by  looking  at  simplistic  examples  and 
expand  the  complexity  one  step  at  a  time.  Therefore,  it 
will  be  assumed  that  the  parent  satellite  (the  satellite 
which  dispenses  the  chaff  particles)  star+s  in  a  perfectly 
circular  Ce'  =  0),  equatorial  (*i’  =  0)  orbit  about  the 
earth.  At  this  point,  the  specific  values  for  the  other 
orbital  parameters  and  the  values  for  'P’,  'E',  and  'n'  are 
unimportant.  As  noted  in  Chapter  I,  any  perturbations  to 
the  orbit  caused  by  anything  other  than  the  velocity  changes 
noted  below  are  assumed  to  be  negligible. 

For  these  examples,  the  sh^pe  of  the  parent  satellite 
will  be  assumed  to  be  cylindrical  with  the  satellite 
spinning  about  its  longitudinal  axis.  For  simplicity,  the 
cloud  will  be  assumed  to  consist  of  small  particles 
initially  located  inside  the  spinning  parent  satellite. 
Dispensing  occurs  when  the  outer  shell  of  the  parent 


15 


satellite  Is  Instantaneously  removed.  This  allows  the 
particles^  no  longer  held  in  place  by  the  shell  but  still 
moving  at  the  angular  velocity  imparted  by  the  spinning  of 

the  parent  satellite^  to  spread  radially  from^the  parent. 

/ 

The  rest  of  this  section  will  examine^ -/our  types  of 
particle  dispensing  from  the  cylindricaL^article  satellite 
as  described  by  Ross  in  his  paper  "The  Orbital  Motion  of 
Pellet  Clouds"  and  Shapiro^  Jones^  and  Perkins  in  their 
paper  "Orbital  Properties  of  the  West  Ford  Dipole  Belt" 
(RosS/  1961:79-33;  Shapiro  and  others^  1964:482-492). 

Except  where  noted^  all  the  material  for  Cases  I  and  II 
comes  from  Ross's  paper;  Cases  III  and  IV  are  entirely  from 
the  Shapiro  paper. 

The  first  two  cases  assume  instantaneous  dispensing  of 
the  particles,  and  the  parent  satellite's  orientation  is  as 
shown  in  Figure  2.  The  case  where  the  spin  axis  is  oriented 
axially  in  relation  to  the  earth  will  not  be  specifically 
discussed,  but  will  be  automatically  included  in  Cases  III 
and  IV  as  discussed  below. 

Cases  III  and  IV  involve  dispensing  the  particles  over 
a  period  of  time  and  are  also  shown  in  Figure  2.  The 
release  of  particles  over  time  could  be  accomplished  by 
releasing  only  a  fraction  of  the  outermost  particles  within 
the  parent  at  any  one  instant  in  time.  In  these  cases,  the 
direction  of  spin  axis  orientation  is  assumed  to  be  time 
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Figure  2.  Satellite  Orientation  for 
Cases  I,  11,  IIl^  and  IV 
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independent  and^  therefore,  the  spin  axis  will  continually 
change  its  orientation  angle  with  respect  to  the  path  of 
satellite  motion  as  the  satellite  moves  around  the  earth. 

The  resultant  dispensing  of  particles  over  time  causes 
spreading  in  all  directions  relative  to  the  parent 
satellite. 

Case_I : _ Sgin^Ax i s_ALgng_SateL li te^s_Pat h_of _Mot ion. 

in  this  first  case,  Ross  says  that  since  no  incremental 
velocity  is  imparted  upon  the  particles  in  the  direction  of 
satellite  motion,  no  energy  change  is  imparted  to  their 
respective  orbits.  Therefore,  no  changes  in  their  orbital 
periods  occur. 

The  velocity  changes  which  occur  happen  only 
perpendicular  to  the  parent  satellite's  path  with  the 
subsequent  effect  that  both  the  eccentritity  and  inclir..ition 
change.  The  eccentricity  change  is  caused  by  the  raditl 
component  of  the  particle  velocity  with  respect  to  the 
orbital  plane  of  motion,  while  the  inclination  change  is  a 
result  of  the  velocity  component  perpendicular  to  the  orbit 
plane . 

Another  interesting  effect  is  that  since  a  change  in 
period  does  not  occur,  a.l  particles  must  return  to  their 
original  locations  in  the  parent  orbit  at  the  end  of  each 
subsequent  revolution  about  the  earth.  This  means  that 
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although  the  incremental  velocity  imparted  to  the  particles 
causes  an  expansion  of  the  cloudy  the  expansion  reaches  a 
maximum  halfway  around  the  orbit.  At  this  pointy  the  cloud 
begins  to  contract  and  will  return  to  its  original  site  and 
shape  at  the  original  point  of  dispensing.  The  combination 
of  the  change  in  values  for  *e'  and  *i'  has  the  additional 
effect  of  causing  the  "ends'*  of  the  cylindrical  cloud  to 
tilt  sunusoidally  with  time.  Figure  3  illustrates  the 
contracting/expanding/tilting  particle  cloud  over  time.  In 
the  figure^  'nT'  is  the  portion  of  the  orbit  (in  radians) 
the  cloud  has  traversed,  the  'S'  direction  is  in  the 
direction  of  satellite  motion,  the  'R'  direction  is  pointed 
radially  to  the  earth,  ar.d  the  'W  direction  is  out  of  the 
orbital  plane. 

The  effect  of  the  angular  velocity  of  the  parent 
satellite's  spin  is  important  to  the  dispensing  in  that  the 
outermost  particles  undergo  the  bigrest  changes  in  velocity 
(and  thus  'e'  and  'i')  and  the  innermost  particles 
experience  the  smallest  changes.  Because  of  these  variances 
in  the  delta  velocities,  a  smear  of  particles  develops 
between  the  parent  orbit  and  the  orbits  of  the  particL?s 
with  the  maximum  eccentricity  and  inclination  changes. 

It  is  important  to  note  that  since  the  velocity  changes 
occur  instantaneously  and  nc  further  accelerations  or 
velocity  changes  are  involved,  the  changes  in  'e'  and  'i' 


have  an  upper  Litnlt.  This  Limit  is  what  causes  the  cloud  to 
reach  its  maximum  size  at  the  halfway  point  in  the  orbit. 

Case^II^ _ SBin_Ax i s^Pergendi cular_to_Orbi t_Planei  With 

the  spin  axis  perpendicular  to  the  orbits  there  is  one 
component  of  velocity  directed  radially  from  the  earth  in 
the  orbital  plane  and  one  component  in  the  direction  of 
satellite  motion.  Since  no  velocity  component  can  cause  an 
inclination  change^  the  spread  of  the  particles  out  of  the 
orbit  plane  is  solely  determined  by  the  initial  Length  of 
the  parent  satellite. 

The  velocity  component  in  the  radial  direction  has  the 
same  effect  as  it  had  in  the  previous  case^  causing  a  change 
in  the  eccentricity  of  the  satellite's  orbit.  However^  the 
velocity  component  which  acts  in  the  direction  of  satellite 
motion  introduces  a  new  effect  into  the  problem.  By 
altering  the  particle  velocity  in  the  direction  of  motion, 
the  energy  of  the  orbit  is  changed.  This  alteration  in  turn 
causes  a  change  in  'P'  and  'a'  of  the  orbit. 

The  effect  of  the  differences  of  the  angular  velocities 
of  the  particles,  as  was  noted  in  Case  I,  is  that  the 
outermost  particles  undergo  larger  changes  in  velocity  (and 
thus  'P'  and  'a')  than  the  innermost  particles.  This  causes 
either  an  increase  or  decrease  in  orbital  period  depending 
on  the  direction  of  the  velocity  vector  in  relation  to  the 
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satellite's  motion.  Again^  a  smear  of  particles  develops 
between  the  parent  orbit  and  the  highest  and  lowest  orbits 
caused  by  the  period  changes. 

Since  the  period  changes  are  permanent  if  no  other 
perturbations  are  considered/  the  particles  continue  to 
spread  forward  and  backward  along  the  orbit  (with  respect  to 
the  parent  satellite)  at  rates  equal  to  their  respective 
changes  in  period  from  the  initial  orbit.  For  example/  if  a 
period  change  of  one  minute  is  imparted  upon  a  particle/  it 
will  move  away  from  the  parent  satellite  at  a  rate  of  one 
minute  per  orbit.  Eventually/  the  cloud  expands  to  the 
point  that  the  forward  moving  particles  meet  the  backward 
moving  particles  halfway  around  the  orbit  from  the  parent 
satellite.  Since  the  expansion  due  to  period  changes  of  the 
particles  continues  indefinitely/  a  toroid  ultimately 
develops  around  the  earth. 

The  result  of  the  eccentricity  and  period  changes 
acting  together  to  change  the  orbit  (for  those  part'icLes 
that  have  components  of  velocity  in  both  the  radial 
direction  with  respect  to  the  parent  satellite  and  the 
direction  of  satellite  motion)  are  different  than  for  Case  I 
because  of  the  period  changes  involved.  The  eccentricity 
causes  some  oscillations  of  the  height  of  the  apogee  and 
perigee  points  with  a  maximum  occuring  halfway  through  the 
first  orbit.  However/  due  to  the  fact  that  virtually  every 
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particle  has  at  least  a  small  component  of  velocity  along 
the  direction  of  motion^  the  overall  tendency  of  the  cloud 
is  not  to  continue  oscillating  each  orbit.  Instead,  the 
cloud  elongates  along  the  orbit  in  a  manner  similar  to  that 
shown  in  Figure  4. 

Case_IIIi _ Long^Terin^Oi  sgensi  ng_ui  th_SBi  n_Axi  s_i  n 

With  the  spin  axis  lying  in  the  orbital 
plane,  its  orientation  is  the  same  as  that  in  Case  I  exactly 
twice  each  orbit.  These  points  are  180  degrees  from  each 
other  in  the  orbit.  At  a  point  90  degrees  from  either  of 
these  points,  the  spin  axis  is  oriented  radially  with 
respect  to  the  earth.  At  any  other  point  in  the  orbit,  the 
spin  axis  is  at  some  other  orientation. 

With  the  spin  axis  oriented  precisely  perpendicular  to 
the  path  of  motion  for  only  an  instant  of  time  twice  each 
orbit,  only  a  fraction  of  the  particles  receive  velocity 
components  exactly  in  the  direction  of  motion.  Therefore, 
the  number  of  particles  with  the  greatest  period  change  is 
significantly  less  than  in  the  previous  two  cases.  However, 
since  the  particles  are  dispensed  in  all  directions,  all 
particles  receive  some  change  in  period  (except  in  those 
instances  with  the  spin  axis  exactly  parallel  to  the 
satellite's  motion),  unlike  Cases  I  and  II- 
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With  a  continually  changing  orientation  of  the  spin 
axis  relative  to  the  satellite's  motion/  the  velocity 
components  influencing  eccentricity  and  inclination  change 
also.  The  maximum  changes  in  eccentricity  and  inclination 
occur  with  the  spin  axis  oriented  along  the  path  of  motion. 

When  effects  of  the  various  changes  in  period/ 
eccentricity/  and  inclination  are  combined  with  the  effects 
of  different  velocity  magnitudes  due  to  the  shrinking  size 
of  the  dispenser  as  time  progresses/  a  distribution  of 
particles  occurs  that  has  a  peak  density  near  the  parent 
orbit.  The  density  rapidly  diminishes  farther  out  from  the 
parent  satellite. 

Shapiro  notes  an  interesting  result  when  the  overall 
cloud  is  described  pictorially.  Since  the  largest  change  in 
period  occurs  only  for  those  particles  released  when  the 
spin  axis  is  oriented  radially  from  the  earth/  particles 
released  here  will  move  ahead  or  lag  behind  the  parent 
satellite  the  farthest.  Those  that  lead  are  in  orbits  with 
lower  perigee  altitudes/  and  those  that  lag  are  in  orbits 
with  higher  apogee  altitudes  than  the  parent  satellite. 

Assume  the  spin  axis  is  aligned  radially  with  respect 
to  the  earth  at  u'  =0  degrees  and  u''  =  180  degrees  as 
shown  in  Figure  5.  For  those  particles  released  at  u'/  the 
following  situation  develops:  all  particle  orbits  intersect 
the  parent  orbit  at  this  point/  with  the  lagging  particles 


Figure  S.  Dispensing  Setup 


having  perigees  and  the  leading  particles  having  apogees 
here.  For  those  particles  released  at  the  same  thing 

happens  only  it  is  one-half  orbit  removed.  At  the  u'‘ 
pointy  the  particles  released  at  u*  arc  all  at  either 
perigee  or  apogee  of  their  respective  orbits  and  are  ahead 
or  behind  of  the  parent  satellite,  respectively.  A  similar 
situation  occurs  for  the  particles  released  at  u''  when  they 
reach  the  u*  point  in  the  orbit. 

The  interesting  result  is  that  at  both  u*  and  u*', 
there  are  particles  that  were  released  at  the  opposite  end 
of  the  orbit,  some  of  which  are  at  perigee  and  some  of  which 
are  at  apogee.  Therefore,  at  u*  there  are  particles  leading 
the  parent  satellite  in  a  slightly  lower  orbit  (u'' 
particles  at  perigee),  particles  lagging  behind  the  parent 
satellite  in  a  slightly  higher  orbit  (u’*  particles  at 
apogee),  and  particles  leading  and  Lagging  the  parent 
satellite  at  the  same  altitude  (u*  particle?).  A  similar 
result  applies  to  the  u''  points.  At  these  points,  a  four 
pointed  cloud  like  the  one  shown  in  Figure  6  develops.  At 
the  points  in  the  orbit  where  the  spin  axis  is  aligned  with 
the  direction  of  satellite  motion  (90  and  270  aegrees),  a 
smooth  transition  between  particle  orbits  occurs. 

According  to  Shapiro,  the  overall  effect  of  the 


particle  cloud  "can  thus  be  envisioned  as  a  two-headed 
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Figure  6.  Chaff  Cloud  Evolution  for  Case  III 

(Shapiro,  1964:491) 
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dragon/  snapping  its  jaws  open  and  closed  as  it  circulates 
around  the  earth”  (Shapiro  and  otherS/  1964:490). 

Case^lVi _ LSDazISIS-SlSBSDSlDa-iiiib-lDfiiiDS^-^BiD-flSiSi 

The  only  differences  between  this  case  and  Case  II  above  are 
that  the  angle  between  the  spin  axis  and  the  orbital  plane 
can  be  set  anywhere  between  0  and  90  degrees  (instead  of 
being  placed  rigidly  at  90  degrees),  and  that  the  dispensing 
takes  place  over  a  long  period  of  time.  Shapiro  makes  some 
mention  of  the  situation  in  which  the  angle  is  90  degrees, 
but  the  results  agree  with  Case  II  above,  so  it  will  nc  be 
discussed  here. 

For  Case  III,  Shapiro  says  that  the  greatest 
inclination  change  for  the  particles  occurs  at  the  point 
along  the  orbit  where  the  largest  velocity  component 
perpendicular  to  the  orbital  plane  exists.  He  also  says 
that  the  greater  the  angle  between  the  dispenser  and  the 
orbital  plane,  the  smaller  the  spread  in  the  distribution  of 
the  inclinations  of  the  particle  orbits.  This  is  because  at 
90  degrees  (Case  II)  no  inclination  changes  occur,  and  at  0 
degrees  (Case  II'')  virtually  all  particles  ex  ibit  some 
inclination  changes.  Because  of  these  effects,  the 
inclination  changes  undergone  by  particles  can  be  kept  to 
within  a  desired  range  by  changing  the  angle  of  tilt  of  the 
dispenser  relative  to  the  orbital  plane. 
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The  effects  of  inclining  the  spin  axis  relative  to  the 
orbital  plane  on  the  other  orbital  elements  is  a  combination 
of  all  the  effects  previously  mentioned.  At  an  inclined 
angle  of  0  degrees,  the  distribution  of  the  number  of 
particles  with  various  period  changes  is  the  most 
pronounced,  since  relatively  few  particles  experience  the 
greatest  possible  period  change.  For  greater  angles  of 
inclination,  larger  numbers  of  particles  can  undergo  changes 
in  period,  with  a  maximum  number  occuring  at  an  inclined 
angle  of  90  degrees  (Case  II).  Thus,  Shapiro  points  out, 
although  the  maximum  period  change  can  be  experienced  by 
particles  at  any  inclined  angle  (assuming  their  velocity 
component  is  aligned  with  the  direction  of  motion),  the 
distribution  of  the  number  of  particles  with  any  given 
period  change  is  very  angle  dependent. 

Finally,  Shapiro  says  that  no  matter  what  the  angle  of 
tilt,  the  resulting  distribution  of  particles  is  centered 
about  the  parent  satellite's  orbit,  with  the  largest 
concentration  of  particles  in  the  vicinity  of  the  parent 
orbit.  The  resulting  cloud  for  this  case  also  resembles 
Figure  6  except  for  slight  differences  in  boch  the 
distribution  of  the  particles  and  spreads  in  the 
inclinations  of  the  particle  orbits. 
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Statistical  Mechanics 


As  mentioned  previously^  the  motivation  behind  using 
statistical  mechanics  to  study  a  collection  of  particles  is 
that  Newton's  laws  of  motion  become  cumbersome  when  applied 
to  a  large  number  of  particles.  Statistical  mechanics 
solves  this  problem  by  looking  at  the  collection  of 
particles  as  a  single  entity  and  analyzing  its  behavior  over 
time . 

Several  areas  of  physics  routinely  utilize  statistical 
mechanics  to  aid  in  the  solution  of  problems.  Among  them 
are  plasma  physics  and  kinetic  gas  theory.  However^  since 
none  of  these  disciplines  directly  apply  to  the  chaff  cloud 
problem^  no  further  mention  of  them  will  be  made. 

To  properly  examine  the  behavior  of  the  particles  over 
time  as  a  group,  a  distribution  function  is  required.  A 
distribution  function  describes  the  location,  size  and 
density  of  the  collection  of  particles  as  a  function  of 
time.  Once  the  distribution  function  is  known  and 
appropriate  initial  conditions  are  applied,  the  time  history 
of  the  collection  of  particles  can  be  determined. 

An  equation  commonly  used  to  describe  the  time 
evolution  of  distribution  functions  is  the  Boltzmann 
equation  which,  according  to  Chen,  is  as  follows: 

df/dt  +  V  •  Vi  +  F/m  •  df/dv  =  (df/dt)  ,  (4) 

coll 
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Here  f  represents  the  function  fCr^y^t)  or  the  number  of 
particles  per  cm^  as  a  function  of  position  (r),  velocity 
(y),  and  time  (t).  df/dt  is  the  derivative  of  f  with 
respect  to  time.  Tf  represents  the  gradient  in  (x^y^z) 
space  so  that 

y  •  7f  =  df  dx  ^  df  dy  ^  df  dz  (5) 

dx  dt  dy  dt  dz  dt 

F  is  the  force  acting  on  the  particles,  m  is  the  mass  of  the 
particles,  and  df/dy  is  the  gradient  in  velocity  space  so 
that 

F/m  •  df/dy  =  df  dy  +  df  dy  +  df  dy 
dv  dt*  dv  dt^  dv  dt 

■  X  7  X 

The  term  on  the  right-hand  side  in  Eq  (4)  describes  the  time 
rate  of  change  of  f  due  to  collisions  between  particles 
(  ,en,  1977:206),  and  will  be  assumed  to  be  negligible  for 
the  remainder  of  this  work. 

Qryil  §i_!I!§£t]§Dl£§_Vl§_§l§il§Si£a  l_Mechani  cs 
This  section  examines  the  literature  which  specifically 
addresses  the  application  of  statistical  mechanics  to 
problems  in  orbital  mechanics.  All  the  examples  addressed 
here  have  the  common  element  of  a  large  number  of  small 
satellites  being  released  from  a  parent  satellite. 
Applications  of  these  examples  to  other  problems  in  orbital 


mechanics  include  examining  the  behavior  of  meteor  streams 
coming  from  a  disintegiTating  comet/  expanding  star  clusters/ 
asteroid  belt  fragmentations/  and  exploding  earth  satellites 
(Heard/  1977:1025).  Due  to  the  similarities  between  the 
case  of  an  exploding  earth  satellite  and  the  expanding  chaff 
cloud/  the  application  of  statistical  mechanics  to  the  chaff 
cloud  problem  is  fairly  straightforward. 

ABBii£9ii9D§i  their  W87  book  Art i f  i  c i o L_SBace 
DebriS/  Johnson  and  McKnight  discuss  the  usefulness  of 
applying  statistical  mechanics  to  determine  the  resulting 
orbits  of  the  pieces  from  a  satellite  breakup.  They 
describe  the  different  particle  orbits  using  an  approach 
outlined  by  Heard  in  a  paper  published  in  1978.  Heard's 
work  is  described  in  the  "General  Theory"  section  oelow.  In 
addition  to  outlining  Heard's  approach  to  the  problem/ 
Johnson  and  Mcknight  provide  a  useful  summary  of  the 
advantages  of  using  statistical  mechanics  for  analysis  of 
satellite  breakups  as  opposed  to  using  classical  mechanics 
approaches : 

First/  the  statistical  approach  requires  less 
computational  effort  and  does  not  require  increased 
effort  for  larger  breakups.  It  also  provides  a  global 
definition  to  a  problem  which  inherent ly  does  not  lend 
itself  to  such  an  approach.  (Johnson  and  Mcknight/ 
1987:58) 


Johnson  and  NcKnight  point  out^  however,  that  the  use  of 
statistical  mechanics  requires  a  conversion  from  basic 
orbital  elements  into  analytic  functions  in  order  to  solve 
the  problems.  They  also  mention  that  the  nomenclature 
particular  to  statistical  mechanics  is  generally  not  as  well 
known  as  that  of  the  classical  approaches  (Johnson  and 
McKnight,  1987:58). 

Heard  has  authored  several  articles  on  the  topic  of 
using  statistical  mechanics  to  model  the  propagation  of  a 
large  number  of  particles  in  space  over  time.  He  states  in 
his  1976  work  that  a  collection  of  particles  can  be  studied 
using  either  a  classical  approach  or  a  continuum 
(statistical  mechanics)  approach.  Like  Johnson  and 
ncKnight,  Heard  also  emphasizes  the  increased  computational 
effort  required  by  the  former  method.  He  goes  on  to  say 
that  since  interactions  among  the  particles  are  negligible, 
the  solution  via  statistical  mechanics  requires  nothing  more 
than  the  application  of  the  theory  of  linear,  partial 
differential  equations  (Heard,  1976:63). 

In  the  same  paper.  Heard  also  mentions  the  usefulness 
of  a  statistical  mechanics  approach  in  the  field  of 
astronomy  to  analyze  different  systems  of  particles  that 
move  in  independent  orbits  about  another  body,  but  whose 
overall  behavior  tends  to  indicate  a  common  origin,  such  as 
families  of  asteroids  (Heard,  1976:63).  In  this  paper,  he 
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looks  at  what  he  calls  the  “direct"  problem  and  the 
"inverse"  problem.  In  the  dir'-'t  protlem,  the  final 
distribution  of  a  collection  of  particles  is  examined 
beginning  with  the  initial  point  of  dispersion  and  ending  at 
a  future  point  in  time.  The  inverse  problem  examines  a 
collection  of  particles  and  attempts  to  recreate  the  moment 
of  initial  dispersion  by  moving  backward  in  time  (Heard, 
1976:63-64).  Since  the  current  study  is  concerned  only  wit*' 
the  future  spre'iding  of  a  chaff  cloud  and  not  the  origin  of 
an  existing  chaff  cloud,  no  further  mention  will  be  made  of 
the  inverse  problem. 

Heard's  paper  from  1977  examines  the  asymptotic  (time 
increasing  to  infinity)  behavior  of  a  collection  of 
particles  (Heard,  1977:1025).  Like  the  inverse  problem,  the 
final  state  of  the  chaff  cloud  is  not  important  here,  since 
the  current  study  is  concerned  only  with  the  cloud's 
spreading  up  to  the  point  where  the  desired  signal 
attenuation  no  longer  exists.  Therefore,  except  for  the 
underlying  statistical  mechanics  theory,  Heard's  1977  effort 
is  dropped  from  further  discussion  here  also. 

In  1978,  Heard  published  a  paper  directly  applicable  to 
the  problem  of  a  satellite  breakup  which  is  useful  for  the 
current  study.  In  this  paper,  he  again  examined  the  direct, 
inverse,  and  asymptotic  problems;  he  also  included  an 
analysis  of  the  "continuous  source"  problem.  In  the 
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continuous  source  problem^  the  dispersion  of  particles 
occurs  over  t-^ffle.  This  is  similar  to  Cases  III  and  IV  which 
were  discussed  above  (Heards  1978:1-2).  Again,  the  direct 
problem  will  be  the  focus  of  this  effort. 

■  In  1976,  Dasenbrock,  Kaufman,  and  Heard  co-authored  a 
paper  which  examined  the  direct  and  inverse  problems  as  they 
apply  to  satellite  breakups  and  the  subsequent  debris  cloud 
that  develops.  The  specific  stated  purpose  of  this  report 
was  to 


Study  the  dynamical  characteristics  of  an  evolving 
fragment  cloud  in  order  to  yield  insight  into  both  its 
future  evolution  for  purposes  of  collision 
probabilities  and  to  determine  how  the  dynamics  might 
be  used  to  obtain  the  precise  origin  of  the  cloud. 
Specifically,  satellite  breakups  are  simulated  to  study 
the  characteristics  of  their  evolving  fragment  clouds. 
These  characteristics  are  then  used  to  determine  how 
the  time  and  place  of  a  satellite  explosion  might  be 
accurately  determined  once  its  fragment  cloud  has  been 
observed.  (Dasenbrock,  1976:2) 


The  paper,  like  the  works  discussed  above,  goes  on  to  state 
that  a  statistical  mechanics  approach  is  called  for  to  help 
ease  the  computational  burden  of  following  the  orbital  paths 
of  the  fragments  (Dasenbrock,  1976:2). 

Finally,  Hameen-Anti lla  has  also  applied  a  statistical 
mechanics  approach  in  his  examination  of  a  system  of 
particles  in  which  collisions  between  particles  occur.  In 
particular,  the  evolution  of  the  rings  of  Saturn  was 
discussed.  The  underlying  purpose  of  the  paper  was  to 
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Improve  on  a  previous  work,  also  by  Hameen-Anti I  la,  in  which 
statistical  mechanics  was  used.  The  differences  are  that 
the  second  work  allowed  for  differences  in  particle  sizes 
and  improved  on  the  statistical  orbit  model  used 
(Hameen-Anti lla,  1976:145). 

In  each  of  Heard's  three  papers  discussed  above,  he 
used  the  same  basic  theory,  with  slight  variations  in  each 
work,  to  arrive  at  his  final  results.  Aside  from  Heard's 
presentations,  the  only  other  direct  applications  to  the 
chaff  cloud  expansion  problem  from  the  above  list  are  the 
ones  found  in  the  Dasenbrock  article  and  Johnson's  and 
Mcknight's  book.  However,  the  presentation  of  the  theory  in 
the  Dasenbrock  paper  was  identical  to  that  in  Heard's  1976 
paper  except  for  a  few  minor  changes,  while  Johnson's  and 
Mcknight's  presentation  was  taken  I  rgely  from  Heard's  1978 
article.  Therefore,  Heard's  method  of  presentation  will  be 
followed  closely  in  the  discussion  below.  Heard's  1978 
paper  used  essentially  the  same  format  for  presentation  as 
his  1976  work,  but  in  the  .978  work  some  of  the  results  were 
presented  in  a  manner  more  easily  understood.  Therefore, 
the  theory  presentation  below  will  be  adapted  from  both 
Heard's  1976  and  1978  efforts. 
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§£DS£2i_I!!S9£X_i!lS3r^^_12Z§i$^rZQi_!iS3r^z-12Z§iizlQl* 
Heard  begins  by  assuming  a  collection  of  particles  in  a 
common  force  field  with  the  following  equations  of  motion: 

g  =  B  =  Y(g^B,t)  (7) 

where  the  vectors  g  and  b  represent  the  coordinates  and 
momenta  of  the  particles,  respectively.  The  next  assumption 
is  that  f(g,Q,t)  is  the  phase~space  density  function  such 
that  a  volume  contains  dN  particles  with  the  following 
relation: 


dN  =  f<g,B/f^  <^g  ‘^B  ^8) 

Heard  then  refers  to  Chandresekhar * s  solution  that  says 
the  distribution  function  f  follows  the  relationship 

df/dt  =  1  (d/dq.«<fX.)  +  d/dp.*(fY.))  =  0  (9) 

i*1 

if  no  source  of  particles  is  present.  This  equation  is  then 
rewritten  in  the  following  form: 

Of/Dt  =  -f4  (10) 

where  D/Ot  is  the  "Stokes  derivative"  (D/Dt  =  d/dt  +  X*7g  + 
n 

Y»7b)  and  A-  X  (dX./dq.  +  dY./dp.). 

i=1  ^  ^  ’ 

The  next  step  is  to  establish  the  position  (g,B^  ^ 

particle  at  time  t  =  0.  Heard  lets 
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this  position.  SimiLarLy,  the 

particle's  position  at  time  t. 

Heard  now  shows  the  solution  of  Eq  (10)^  given  the 
initial  condition 


fCg/B/OJ  =  P<g/B> 


(11) 


to  be 

f(g^E/t>  *  exp£-r(g^B,t) >  (12) 


where 

t 

r(g,B  /t)  =  /4(g  (t)^B(t),t)  .'t  (13) 

0 

The  integral  in  Eq  (13)  is  to  be  evaluated  on  the  trajectory 
which  passes  through  (g,B^  time  t 

The  spatial  density  p(g^t)  is  found  by  integrating  f 
over  all  momenta  as  follows: 


p(g,t) 


dg 


(14) 


From  this  equation^  the  shape  and  density  of  the  cloud  can 
be  found  at  any  time. 

Next,  Heard  finds  the  solution  given  dispensing  from 
the  initial  point  g*.  The  initial  condi t ion 


F(g,B^  =  d(g  -  g*)  6(5), 


(15) 


applies.  Here^  5(g  -  g*)  is  the  Dirac  delta-function  and 
G(q)  is  any  function  that  describes  the  initial  distribution 
of  the  particle  momenta.  Heard  next  applies  theorems 
relating  to  the  d-functions  to  arrive  at  the  following 
equation  to  substitute  for  Eq  (14): 


pCg^t)  »  1/lJl  X  exp<-r<g/E*/^5>  ^16) 

where  g*  is  the  solution  of 

=  9*  (17) 

and  |J|  is  the  Jacobian  determinant 


J 


dCC^Q  ^^...^Qq 
"  (^P<j  if  •  •  • 


(18) 


Heard  next  provides  matrix  equations  to  describe  the 
particle  motions.  When  the  previous  results  are  combined 
with  the  matrix  equations^  a  general  solution  to  the  problem 
can  be  found. 

First,  Heard  lets  g  and  g  represent  small  deviations 
from  the  reference  solution  of  Eq  (7).  The  variational 
equations  of  motion  for  q  and  p  become 


(19) 
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where  A  is  the  matrix 


(A11  A12 

A21  A22 

Here  A11  =  dX/dg^  A12  =  dX/dg^  A21  =  dY/dg,  and  A22  =  dY/dg. 
All  are  evaluated  on  the  reference  solution.  When  Heard 
solves  the  variational  equations,  he  uses  the  matrizant 

c  :) 

where 

U  =  dg/dg^,  V  =  dg/dg^,  W  =  dg/dg^,  c  :• 

The  solution  then  becomes 

C)  •  ‘O 

where  g^  and  g^  are  the  initial  values. 

Heard  next  adopts  the  following  matrix  notation: 

M_(t)  =  M(-t) 

and  notes  that  for  a  matrizunt  the  following  property  holds: 

=  0_  (22) 


(20) 


>  ■■  dp/dBo* 


(21 ) 
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From  Eqs  (20)  and  (21)  the  following  holds  true: 


(::)  ■  ♦-  C) 


Qq/  Pq^  and  J  end  up  in  the  following  forms: 


9n^9/Q^f>  =  U_g  +  V_b 


Pn^a^B^t)  =  W_g  +  Y_b 


J  =  det(V  ) 


Eq  (17)  now  takes  on  the  following  form: 


U_g  +  V_B*  = 


with  1  solution  of 


B*  =  V  (g*  -  U_g) 


Now,  Heard  lets  L  =  det(0)  and  differentiates  L,  with 
the  solution  being 


dL/dt  =  IL  (dq./dq.  +  d|5./dp.)  (29) 

i=1 

From  this.  Heard  ultimately  obtains  the  final  expression  for 
the  exponent  term  in  Eq  (16)  using 


dL/dt  =  lA 


which  becomes 


d/dt(ln  L)  =4 


(31 ) 


to  give 


t 

exp<-  f  Adty  =  L(0)/L(t)  (32) 

0 

By  using  Eqs  (25)/  (26)/  (28)/  and  (32)/  substituting 
into  Eq  (16)  and  using  the  fact  that  det«P)  =  1  according  to 
LiouvilLe's  Theorem/  Heard's  solution  becomes 

p(g/t)  =  <1/ |det(V_) l>  tGC(W_  -  Y_v‘^U_)g  +  Y_vl^g*3>  (33) 

The  last  step  Heard  uses  is  to  apply  the  previous 
results  to  the  specific  case  of  a  group  of  particles  under 
the  influence  of  the  force  of  gravity  and  orbiting  about  the 
earth.  Heard's  solution  uses  the  cylindrical  coordinates 
(W/d/Z)  and  assumes  a  radially  symmetric  gravitational 
potential  (v).  The  coordinates  are  set  up  with  z  =  0  in  the 
equatorial  plane/  so  v  becomes  a  function  of  only  w  and  z. 

An  orbit  of  radius  R  can  be  described  in  this  coordinate 
system  as  follows: 

w  =  R/  9=  9q  +  fit/  and  z  =  0  (34) 

2 

where  Rfi  =  dv/dw(R/0)  and  fiis  the  angular  velocity  of  the 
parent  satellite.  Small  changes  in  the  orbit  are  described 
by  ^  and  ^  in  the  following  manner: 

w  =  R  +  ^/  9=  9^  +  Qt  +  ^/R/  and  z  =  ^  (35) 


Next^  Heard  uses  the  Hamiltonian 

H  =  (1/2)(p1^  +  p2^  +  p3^)  -  2Q^p2  +  (1/2)(n^^^  +  (36) 

with  momenta 

pi  =  f  ^  p2  =  >7  +  2Q^  ,  and  p3  =  ^  (37) 

and  where 

n^  =  3fl^  -  (d^v/dw^) (R^O)  and  =  (d^v/dz^) (R^O)  (38) 

In  Eqs  (36)  and  (38),  n  is  the  epicycLic  frequency.  Doth  n^ 
and  are  assumed  to  be  positive. 

Using  t'’e  following  notation: 

T  -  nt,  r'  =  Kc,  a=  2i2/n,  s  =  sinr, 
c  =  COST,  s'  =  sinr',  and  c*  =  cost' 

Heard  then  arrives  at  the  fundamental  matrices  for  U,  V,  W, 
and  Y  for  use  in  Eq  (33) 


0  0  V 

0  0  J 

0  -Ks'' 


Y  =  0 


In  order  to  simplify  the  solution^  he  also  establishes 
the  following  convenience: 

D  =  C(1  -<T^)s  +  2(T^(1-c)3  (39) 


Finally^  Heard  obtains  an  equation  which  describes  the 
density  function  for  the  collection  of  particles  using  any 
initial  momentum  distribution  function  G(p1,p2^p3).  The 
equation  is  as  follows: 

*jK/|s'CCl  -  a^)sT  ♦  2<r^(i  -  c)3l{ 

X  G^(n/0)<C(1  -  +a^s3r  -  <y(l  -  orjy ,  (40) 

(n/0)C<T<1  -  c)^  ♦  srjl, 

where  a  =  2,  and  n  =  K  =  5  =  1  for  Keplerian  orbits. 

From  this  equation^  the  distribution  of  particles  in 
the  chaff  cloud  at  any  future  point  in  time  can  be 
determined  at  any  point  with  reference  to  the  parent 

satellite.  Since  the  center  of  mass  of  the  cloud  follows 
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that  of  the  original  orbit  and  the  orbit  of  the  parent 
satellite  is  known,  the  motion  of  the  chaff  cloud  can  be 
easily  determined. 

isD-I!i£2y9!!_f  bs_£t}9ll_£i9yd 

The  final  section  of  this  chapter  takes  a  look  at  the 
basic  theory  describing  the  attenuation  of  an 
electromagnetic  signal  as  it  penetrates  an  absorbing  medium 
such  as  a  chaff  cloud.  Although  the  attenuation  analysis 
could  be  via  either  wave  or  particle  theory,  only  particle 
theory  is  examined.  The  primary  reason  for  this  one-sided 
approach  is  that  Brown  used  particle  theory  in  his  work  with 
satisfactory  results;  an  analysis  that  applied  wave  theory 
would  be  needless  duplication  of  effort. 

£l]9ff-£i2yd_Attenuat ign^Theory .  Biown  states  that  a 
cloud  of  chaff  particles  affects  an  electromagnetic  signal 
by  first  receiving  and  absorbing  an  incident  signal  and  then 
re-radiating  the  signal  at  some  later  time.  This 
re-radiation  can  occur  in  effectively  any  direction  with  the 
overall  effect  of  uniformly  scattering  over  Att  steradians 
that  portion  of  the  signal  which  was  initially  absorbed.  By 
placing  enoug  i  dipoles  in  random  orientations  into  the  path 
of  the  incoming  signal,  the  signal  can.  be  attenuated 
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sufficiently  to  effectively  impede  transmission  through  the 
chaff  cloud  (Broun/  1987:4-1  to  4-2). 

The  chance  of  a  dipole  interacting  with  the  incoming 
signal  is  directly  determined  by  the  "effective  cross- 
section"  of  the  dipole.  The  effective  cross-section  is  a 
measure  of  the  probability  of  interaction  between  a  dipole 
and  the  signal  rather  than  the  true  cross-sectional  area 
measurement  of  the  dipole  as  the  name  implies.  Nonetheless/ 
the  effective  cross-section  is  given  in  units  of  area 
(Brown/  1987:4-2). 

The  effective  cross-section  is  dependent  on  the 
frequency  of  the  signal  and  the  length  of  an  individual 
dipole.  A  maximum  value  for  effective  cross-section  occurs 
when  the  length  cf  the  dipole  equals  one-half  the  wavelength 
of  the  signal.  The  value  of  effective  cross-section  (<t)  for 
a  group  of  randomly  oriented  dipoles  can  be  determined  from 
Eq  (41)  below: 

<T=  0.16  X  (41) 

where  k  is  the  wavelength  of  the  signal  (Brown/  1987:4-2  to 
4-3;  Peebles/  1984:128-129). 

According  to  Brown/  the  effect  of  a  uniform  chaff  cloud 
on  the  entire  signal  is  determined  from  Eq  (42) 

P  /P.  =  exp{:-(azN/V)>  (42) 

out  in 
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Here.  P  J? .  is  the  decimal  fraction  of  signal  power 
transmitted  through  the  cloudy  c  is  the  effective  cross- 
section  from  Eq  (41)^  z  is  the  distance  the  signal  travels 
through  the  chaff  cloudy  N  is  the  number  of  chaff  particles 
in  a  particular  volume  of  space,  and  V  is  the  volume  in 
which  the  cloud  is  contained  (Brown,  1987:4-13  to  4-14). 
According  to  Evans,  it  is  essential  that  the  chaff  cloud  be 
uniform  in  order  for  Eg  (42)  to  provide  accurate  results 
(Evans,  1988).  Therefore,  when  the  chaff  cloud  is  modeled, 
it  has  to  be  broken  down  into  subvolumes  that  are  small 
enough  for  uniform  density  to  be  present. 

Once  the  desired  degree  of  signal  attenuation  is 
established,  the  appropriate  value  for  'zN/V*  to  be  used  in 
Eq  (42)  is  easily  calculated.  Since  the  value  for  'z' 
through  any  part  of  the  cloud  should,  be  known,  the  value  of 
*N/V*  (particle  density)  required  for  signal  attenuation  is 
also  determinable. 

The  beamwidth  of  the  signal  at  the  altitude  of  the 
chaff  cloud  is  also  important  since  any  signal  which  goes 
around  the  edges  of  the  cloud  is  not  attenuated.  Therefore, 
the  effective  attenuation  of  the  signal  does  not  occur  until 
the  chaff  cloud  reaches  a  size  in  area  at  least  as  large  as 
that  of  the  incident  signal  (Brown,  1987:4-3  to  4-6).  This 
last  statement  also  assumes  enough  chaff  particles  are  at 
the  edges  of  the  chaff  cloud  so  that  effective  attenuation 
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occurs.  In  practice^  the  cloud  has  to  be  much  greater  1n 
size  than  this  minimum  so  that  the  number  density  in  the 
attenuat i on  region  is  high.  This  is  because  of  the  cloud 
having  a  smaller  density  at  its  edges  and  a  higher  density 
near  the  centroid. 

Finally^  the  above  values  for  *2'^  'N/V,  and  signal 
attenuation  are  calculated  for  different  points  in  time 
after  initial  deployment  of  the  cloud.  These  values  are 
used  to  establish  the  required  dispensing  velocity  of  the 
particles  in  order  to  affect  the  desired  attenuation  at  any 
given  point  in  time  after  deoloyment.  From  these  values, 
the  period  of  time  before  effective  attenuation  occurs  and 
the  period  of  time  over  which  attenuation  takes  place  are 
found  (Brown,  1987:4-13  to  4-17). 
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This  chapter  outlines  the  approach  followed  to  complete 
the  chaff  cloud  study  and  is  designed  as  only  a  very  basic 
precursor  of  what  follows  in  Chapters  IV^  y,  and  VI.  The 
chapter  is  divided  into  the  following  sections:  application 
of  Heard's  results^  graphical  presentation  of  new  results^ 
and  determining  the  overall  effectiveness  of  the  chaff  cloud 
as  a  communications  jamming  device. 

The  methodology  used  in  the  application  of  Keard's 
results  to  the  chaff  cloud  problem  can  be  broken  down  into 
five  sections.  The  five  sections  arc  1)  a  dimensional 
analysis  of  Eq  (40)  to  ensure  complete  understanding^  ^ 

2)  determining  the  appropriate  velocity  distribution  to  be 
applied  to  the  chaff  cloud  expansion^  3)  determining 
particle  density  throughout  the  chaff  cloud  using  Eq  (40), 

4)  a  spreadsheet  setup  for  ease  of  calculation  of  results, 
and  5)  attenuation  calculations  of  a  signal  through  the 
chaff  cloud  using  Brown's  thesis  as  a  basis. 

5i!D®D§l9D9i_6D3  lZ§l§:s  The  first  thing  done  with 
Heard's  analysis  was  to  break  down  Eq  (40)  into  its 
component  parts.  These  parts  were  then  subjected  to  a 
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dimensional  analysis  to  determine  the  scaling  and 
normalization  factors  used  by  Heard  in  his  derivation.  The 
components  of  the  equation  were  next  reassembled  and  solved 
using  the  example  velocity  distribution  function  provided  by 
Heard.  The  values  for  obtained  in  this  manner 

could  then  be  plotted  on  an  >7  versus  4*  graph  and  compared  to 
>7  versus  ^  plots  in  Heard's  paper  to  ensure  the  equation  was 
being  solved  properly. 

5§5§I!!DiDiDa_5tl®_Ve  loci  ty_0i  St  ri  but  ion_F  unction .  Once 
Eq  (40)  was  fully  understood^  a  solution  using  a  velocity 
distribution  function  appropriate  to  the  chaff  cloud  problem 
was  needed.  Since  the  other  portions  of  this  analysis 
involve  a  statistical  approach  rather  than  strictly 
numerical  solutions,  a  statistical  approach  was  also  applied 
to  the  determination  of  the  velocity  distribution  function. 
With  the  distribution  of  particles  being  approximately 
Gaussian,  the  distribution  function  arrived  at  through  this 
approach  was  Maxwellian. 

2§^®E!DlDiD9_P§El (40)  allows  a 
reference  value  for  particle  density  to  be  calculated  at  any 
selected  point  within  the  chaff  cloud.  By  summing  each  of 
these  reference  values  from  points  throughout  the  cloud,  an 
aggregate  total  against  which  each  of  the  individual  values 
can  be  compared  as  a  ratio  is  obtainable.  These  ratios  can 


thtn  be  multiplied  by  the  number  of  chaff  particles  in  the 
entire  cloud  to  convert  the  ratios  into  the  actual  number  of 
chaff  particles  at  each  point  within  the  cloud. 

The  particle  density  of  a  particular  volume  within  the 
cloud  can  be  approximated  by  the  density  at  the  center  of 
the  volume  if  the  volume  is  small  enough  that  major 
variations  across  the  volume  are  eliminated.  This  wes 
accomplished  for  the  chaff  cloud  by  dividing  the  cloud  into 
small  cubic  volume  elements  and  then  following  the  ratio 
procedure  from  above  to  determine  the  number  of  particles 
within  each  volume  element. 

§Br§§^§t!§§f yBi  If'  order  to  allow  the  many 
iterations  required  for  this  analysis  to  be  accomplished 
more  easily^  a  spreadsheet  divided  into  four  sections  was 
used  to  do  the  calculations.  The  first  section  included 
constants  and  variables  to  be  used  in  the  later  sections 
with  the  variables  including  time  ana  dispensing  velocity. 
The  second  section  consisted  of  Eg  (40)  broken  up  into 
several  parts  for  ease  of  calculation.  The  next  section 
summed  up  the  relative  densities  mentioned  above,  determined 
particles  ratios,  and  calculated  the  number  of  particles 
within  volume  elements  located  throughout  the  cloud.  The 
final  section  of  the  sp^-eadsheet  contained  the  calculations 
for  attenuation  of  the  signal  through  the  chaff  cloud. 
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^iJ£Dy3ii9D-9l_J!!S_lD£idgnt_Si gna L .  Using  the  number 
of  particles  in  the  volumes  along  each  signal  path  from 
above  and  the  values  provided  by  Brown  in  his  thesis  for  the 
required  size  and  altitude  of  the  chaff  cloud,  the  values 
for  attenuation  of  the  incident  signal  at  various  points 
across  the  cloud's  cross-section  (as  seen  from  the  earth) 
were  obtained.  These  data  were  compiled  for  each  of  several 
different  dispensing  velocities  and  run  for  the  time 
interval  beginning  with  initial  cloud  dispensing  and  ending 
12  hours  later.  The  results  were  then  presented  in  the 
graphs  outlined  in  the  next  section  to  describe  the  signal 
attenuation  affected  by  the  chaff  cloud. 

G  raghi  ca  l_Pre)|ent at  ion 

Once  results  for  various  dispensing  velocities  and 
times  after  initial  dispensing  were  obtained,  it  was 
necessary  to  present  the  results  in  a  useful  format.  It  was 
decided  to  provide  a  pictorial  representation  of  the  chaff 
cloud  attenuation  through  plots  of  dispensing  velocity 
versus  signal  attenuation.  Using  different  symbols  to 
represent  different  amounts  of  time  elapsed  after  cloud 
dispensing  took  place,  the  signal  attenuation  through  the 
chaff  cloud  as  a  function  of  both  time  and  dispensing 
velocity  was  determined. 
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Several  important  parameters  were  obtained  from  these 
graphs.  First/  the  amount  of  time  elapsed  before  effective 
attenuation  occurs  could  be  determined  for  any  given 
dispensing  velocity.  Second/  the  length  of  the  period  of 
effective  attenuation  for  a  given  dispensing  velocity  was 
available.  This  was  possible  since  the  attenuation  plots 
were  run  past  the  time  at  which  the  attenuation  levels  drop 
below  effective  levels.^-.  Finally/  a  comparison  between  the 
variou;>  dispensing  velocities  was  made  based  on  specific 
requirements  for  signal  attenuation.  These  comparisons  were 
based  on  the  amount  of  time  before  effective  attenuation/ 
the  period  of  time  over  which  effective  attenuation  occurs/ 
and  the  amount  of  time  which  elapses  before  attenuation  is 
no  longer  efft  tive. 

ilf®£ilvg!3§ss_of_At  tenuat  ion 
The  final  step  in  the  analysis  was  to  determine  whether 
the  attenuation  levels  obtained  by  the  chaff  cloud  are 
effective  when  the  following  questions  were  asked: 

1)  Are  the  attenuation  levels  attained  by  the  cloud 
both  high  enough  and  maintained  Long  enough  for 

a  chaff  cloud  to  be  of  value? 

2)  How  does  the  fact  that  the  chaff  cloud  and  the 
satellite  to  be  jammed  are  moving  at  different 
velocities  affect  signal  attenuation? 
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3)  Given  the  initial  size^.shape^  makeup,  and 
weight  of  the  ball  of  chaff,  are  the  assumptions 
surrounding  the  dispensing  of  the  chaff  cloud 
reasonable? 

4)  What  are  the  effects  of  the  chaff  cloud  on 
satellites  other  than  the  one  the  chaff  cloud  is 
intended  to  jam? 


(T 


IVi  Agg  I  i  cat  ion_of  _Hea rd^s_Res;j  L t  s 

This  chapter  applies  the  methodology  and  theory 
previously  outlined  to  the  chaff  cloud  problem.  This  allows 
an  overall  attenuation  picture  to  be  obtained.  The  chapter 
is  divided  into  the  following  sections:  1)  dimensional 
analysis  of  Heard's  final  equation^  ?)  determination  of  a 
velocity  distribution  function^  3)  determination  of  particle 
densities  throughout  the  chaff  cloudy  4)  the  spreadsheet 
setup  used  for  analyzing  Heard's  equation^  and  5)  a 
numerical  analysis  of  signal  attenuation  using  Brown's 
thesis  as  a  basis. 

2i!!!§Q§i2D§i_4D§i)f§i§ 

In  order  to  simplify  his  calculations^  Heard  normalized 
to  unity  some  of  the  parameters  used  in  his  analysis  through 
the  use  of  convenient  dimensions.  The  two  major  parameters 
set  to  unity  were  the  radius  of  the  parent  satellite's  orbit 
and  the  satellite's  mean  motion. 

§i5§iill§_B§21y§i  radius  of  a  satellite's  orbit  is 

nined  by  adding  the  satellite's  altitude  above  the 
earth  to  the  earth's  radius.  Therefore,  the  parent 
satellite  for  the  chaff  cloud,  which  is  100  nautical  miles 
(NM)  below  a  geosynchronous  satellite,  has  an  orbital  radius 
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of  approxiraetely  42^073  kilometers  (km)  (Brorni^  1987:4-4; 
iiiy§lr3S§y_iD£l!£i2B®dia_of _SBace_Technology^  1982:86) . 

Heard  normalized  the  orbital  radius  of  the  parent  satellite 
of  the  chaff  cloud  to  unity  using  what  will  be  referred  to 
in  the  remainder  of  this  paper  as  Radius  Units  (RU). 
Therefore^  in  the  case  of  the  parent  satellite^ 

1  RU  =  42073  km  (43) 

SSSD-Mof iSDi  *  satellite's  mean  motion  describes  the 
time  it  takes  for  the  satellite  to  travel  through  one  radian 
of  its  orbit.  Next^  a  Satellite  Time  Lnit  (STU)  is  defined 
so  that  a  Radius  Unit  per  Satellite  Time  Unit  (RU/STU)  is 
the  velocity  of  a  satellite.  When  an  RU/STU  is  set  to 
unity,  then  the  value  of  *GM’  in  Eq  (44)  below  also  becomes 
unity  with  dimensions  of  RU/STU  : 

Vcs  =  (GM/a)**'^  (44) 

where  Vcs  is  the  satellite's  velocity,  and  a  is  the 
semi-major  axis  as  defined  in  Chapter  II  (Bate  and  others, 
1971:34).  For  the  parent  satellite,  1  RU/STU  has  a  value  of 
3078  meters  per  second  (m/s). 

Using  Eq  (45)  below,  'n'  also  acouires  a  value  of  unity 
with  units  of  radians  per  STU  (rad/STU): 

n  =  (GM/a^)  (45) 

(Bate  and  others,  1971:185). 
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The  conversion  between  STUs  and  conventional  time  units 
is  accomplished  by  dividing  a  satellite's  orbital  period  by 
Ztt  radians  (rad).  For  the  parent  satellite,  the  calculation 
is  as  follows: 

1  STU  =  35880  sec/27r  rad 

=  13670  sec  (46) 

V®  loci  ty_Dist  r  i  but  ion,.  Function 
The  work  of  Knott,  Lewinski,  and  Hunt  suggests  that  a 
spherical  chaff  cloud  should  have  approximately  a  Gaussian 
particle  distribution  (Knott,  1981:3,112).  If  a  Gaussian 
particle  distribution  is  assumed,  the  appropriate  velocity 
distribution  function  should  be  Maxv.’.lian  (Evans,  1988).  A 
Maxwellian  distribution  function  has  the  following  form 
(Evans,  1987:10) 

n^(z,v)  =  n(z)  (2/7r)^^^(v^/VQ^)exp(-v^/2VQ^)  (47) 

2  2  2  2 

where  v  =  (v^  *  ^  '^g  ''®Pf'®sents  the  “thermal 

speed”  of  the  particles.  The  thermal  speed  of  the  chaff 
particles  is  defined  as  being  equal  to  the  dispensing 
velocity  and  is  assumed  to  be  known. 

A  new  term,  the  most  probable  particle  velocity  ) , 

is  now  defined  by  Eq  (48) 

V  ^  =  y/T  V  (48) 

th  0 

Values  of  Vth  for  several  values  of  Vq  are  shown  in  Table  1. 
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i c le  Speeds 

for  Various  Dispensing  Velocities 


Vq  (n/s) 

Vq  <RU/STU) 

V^j^  (RU/STU) 

2  2  2 
V^J  (RU^/“TU^) 

0.0050 

1.624x10"* 

2.297x10”* 

5.275x10”“’^ 

0.0100 

3.249x10”* 

4.595x10”* 

2.107x10”^^ 

0.0120 

3.899x10"* 

5.514x10”* 

3.040x10”"’  ’ 

0.0130 

4.224x10”* 

5.973x10”* 

3.568x10”"’^ 

O.OUO 

4.548x10”* 

6.432x10”* 

4.138x10”"’*’ 

0.0150 

4.873x10”* 

6.891x10”* 

4.749x10”^^ 

0.0200 

6.498x10”* 

9.190x10”* 

8.446x10"’’ 

0.0250 

8.122x10”* 

1 .149x10'^ 

i 

1.320x10”’° 

0.0300 

9.746x10”* 

1.378x10”^ 

1 .899x10"’° 

0.0350 

1  .137x10”^ 

1 .608x10”^ 

2.586x10”’° 

0.0400 

1 .300x10”^ 

1 .838x10”^ 

3.378x10”’° 

0.0450 

1  .462x10”^ 

2.068x10”^ 

4.277x10”’° 

0.0500 

1 .624x10”^ 

2.297x10”^ 

5.275x10“’° 
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Now,  the  momenta  are  generalized  by  dividing  through  by 
particle  mass,  and  are  substituted  with  £q  (48)  into  Eo 
(47).  This  results  in  the  distribution  function  shown  in  Eo 
(49)  below: 

S(p)  ~  expl-lpl^  ♦  p2^  +  p3^)/V^j^^)  <49) 

5g5*C5!iDiDS-£§£il£i§_2§D§l5)i[ 

The  distribution  function  from  the  previous  section  is 
now  usod  in  conjunction  with  Eq  (40)  tc  determine  a 
reference  value  for  tfie  number  of  chaff  particles  at  any 
given  (i,t?,?)  coordinates  and  at  any  given  time  after 
initial  cloud  dispenu<ing.  Once  the  reference  number  is 
known  at  locations  throughout  the  cloud,  the  actual  number 
of  particles  at  these  same  locations  is  also  determinable. 

First,  the  reference  values  at  each  location  are  summed 
to  obtain  the  reference  total.  Then,  the  reference  number 
at  each  location  is  divided  by  the  reference  total  to 
deteririne  the  decimal  fraction  of  the  total  number  of  chaff 
particles  at  each  location.  Finally,  by  multiplying  each  of 
these  fractions  by  the  total  number  of  chaff  particles,  the 
actual  number  of  particles  at  each  location  is  found. 

Since  it  would  be  impossible  to  calcula"e  reference 
numbers  for  every  location  in  space,  the  cloud  is  broken  up 
into  a  three-dimensional  grid  of  identically  sized  cubes 
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yith  the  centroid  (origin)  of  the  innermost  cube  at  the 

coordinate  (O^O^O).  The  grid  has  a  size  of  seven 
units  on  a  side  with  the  units  for  the  overall  grid  being  of 
variable  size  for  the  purpose  of  scaling  the  model  to  fit 
the  chaff  cloud  as  it  expands  over  time.  The  7x7x7  grid 
thus  allows  for  a  chaff  cloud  of  size  up  to  plus  and  minus 
three  and  one-half  units  of  the  Initial  dispensing  point  in 
each  of  the  three  orthogonal  directions.  The  final  size  of 
the  grid  is  set  at  7x7x7  because  of  memory  limitations  (640 
kilobytes  of  Random  Access  Memory)  in  the  computer  used  to 
run  the  program.  The  limitation  on  the  number  of  grid  cubes 
in  which  to  contain  the  expanding  cloud  is  counteracted  by 
the  scaling  capability  of  the  program^  howevar. 

With  the  grid  in  place,  the  reference  values  need  to  be 
calculated  only  at  the  centroids  of  each  cube.  Each  of  the 
reference  values  can  now  be  assumed  to  represent  the 
reference  number  of  particles  within  each  of  these  cubic 
subvolumes  of  -dce  instead  of  only  at  particular 
coordinates.  Therefore,  when  the  actual  number  of  particles 
at  each  centroid  is  determined,  the  particle  densities  at 
the  various  locations  are  easily  determined  by  dividing  the 
number  of  particles  by  the  volume  contained  in  the 
subvolumes . 

One  obvious  difficulty  with  the  above  approach  is  that 
to  obtain  accurate  results,  the  particle  density  in  each 
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subvoluM9  must  be  uniform.  In  the  actual  chaff  cloud,  this 
clearly  might  not  be  the  case.  However,  the  use  of  variable 
cube  sizes  for  the  scaling  process  also  allows  for  improved 
internal  density  resolution  of  the  chaff  cloud. 

If  the  uniformity  of  the  particle  density  in  any  one 
cube  is  suspect,  the  centroid  of  the  entire  grid  can  be 
moved  from  (0,0,0)  to  the  coordinates  of  the  centroid  of  the 
appropriate  cube.  The  sizes  of  the  subvolumes  within  the 
suspect  cube  can  then  be  reduced.  In  this  manner,  any  of 
the  original  subvolumes  can  be  "magnified”  and  subsequently 
examined  for  internal  particle  density  uniformity.  Figure  7 
shows  this  process  pictorially. 

Another  disadvantage  of  the  grid  approach  is  that  while 
the  cloud  expands  radially  to  form  a  sphere  and  then  an 
ellipsoid,  the  model  employs  a  cubic  grid  to  examine  the 
cloud.  Again,  by  moving  the  origin  of  the  entire  grid  to 
the  various  parts  of  the  chaff  cloud  ■  j  using  the  scaling 
technique  described  above,  the  actual  shape  of  the  cloud  can 
be  closely  approximated  at  any  point  in  time. 

An  advantage  of  the  grid  approach  is  that  once  the 
number  of  particles  in  each  grid  cube  throughout  the  entire 
cloud  i s  known,  signal  attenuation  through  any  particular 
portion  of  the  cloud  can  be  determined  independently  of  the 
attenuation  through  any  other  portion  of  the  cloud.  An 
example  ■»s  examining  the  attenuation  of  a  signal  which 
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penetrates  only  through  that  portion  of  the  rloud  within 
plus  or  minus  f'*  kilometer  in  the  V  and  f  directions  of  the 
center  of  the  cloud.  This  advantage  will  become  more 
evident  later  in  the  section  concerning  Brown's  attenuation 
requirements  for  a  chaff  (.loud. 

yB 

The  attenuation  of  the  electromagnetic  signal  is 
calculated  using  two  spreadsheet  programs.  The  first 
spreadsheet  calculates  the  number  density  in  each  cube  of 
the  grid.  The  second  calculates  the  signal  attenuation 
through  the  cloud  starting  at  subvolumes  across  the  face  of 
the  cloud  and  continues  by  looking  at  subvolumes  at 
successive  depths  (values  of  i)  through  to  the  other  side. 
Each  run  of  the  spreadsheet,  programs  constitutes  one  point 
in  time  after  cloud  dispensing  began.  The  spreadsheet 
programs  were  devised  using  Quattro  by  Borland  and  are 
included  as  Appendices  A  and  respectively. 

The  number  density  spreadsheet  is  broken  up  into  three 
sections.  The  first  provides  basic  equations  and  constants, 
the  second  calculates  reference  number  densities  for  the 
subvolumes  in  the  grid,  and  the  third  section  calculates 
actual  number  densities  in  each  subvolume.  A  more  detailed 
explanation  of  the  spreadsheet  is  included  as  part  of 
Appendix  A. 


6A 


The  signal  attenuation  spreadsheet  is  divided  into  two 

sections.  .  The  first  is  composed  of  all  the  values  from 

section  three  of  the  number  density  spreadsheet.  In 

practice^  these  values  are  first  copied  as  a  block  into  a 

separate  file  and  then  transported  into  the  signal 

attenuation  spreadsheet.  The  second  section  of  this 

spreadsheet  uses  the  values  from  section  one  to  calculate 

the  attenuation  of  the  incident  signal  (P.  ).  The 

in 

attenuation  calculations  determine  the  decimal  fraction  of 

the  signal  that  penetrates  through  each  of  49  columns  of  the 

chaff  cloud  (P  ).  The  setup  and  numbering  scheme  of  the 
out 

49  columns  is  shown  in  Figure  8,  with  the  horizontal  and 

vertical  directions  corresponding  to  the  ij  and  ?  directions^ 

respectively.  For  each  column,  Eq  (42)  is  applied  to  the 

number  of  particles  contained  within  each  subvolume;  the 

values  at  each  layer  are  multiplied  together  to  determine 

the  overall  value  for  'P  Care  is  taken  to  ensure  the 

out 

appropriate  values  are  used  for  *2'  and  'V  to  compensate 
for  the  various  magnifications  being  used  in  the 
spreadsheet . 

^i5®Dy§il9D_flD§ix§l§_y§iD9_§r9yDl§_I!i§§l§_§§_§_§§§i§ 

Brown's  thesis  shows  that  the  minimum  required  area  of 
a  chaff  cloud  attempting  to  jam  communications  between  a 
DSCS  satellite  and  a  circular  area  the  size  of  Washington 
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D.C.  is  approximately  97,500  square  meters.  This  assumes 
tnat  the  chaff  cloud  is  located  100  NM  (185.2  km)  below  the 
OSCS  satellite,  an  8  Gigahertz  (GHz)  uplink  signal  is  being 
jammed,  and  that  the  cloud  contains  100  billion  particles 
(Broun,  1987:4-3  to  4-5).  This  equates  to  a  chaff  cloud 
with  a  required  radius  of  approximately  175  meters  (m)  and  a 
diameter  of  350  m.  Brown  also  states  the  cloud  must  reach 
an  attenuation  of  at  least  -10  decibels  (dB)  across  the 
entire  area  of  coverage  within  one  hour  of  dispensing  and 
must  riaintain  this  -10  dB  attenuation  for  at  least  twelve 
hours  (Brown,  1987:4-14  to  4-17).  Stanley's  book  Electronic 
Communicat i ons_Systems  provides  a  good  explanation  of 
attenuation  calculations  using  decibels  (Stanley,  1982:7-9). 

With  tl>e  area  of  coverage  on  the  ground  for  the  chaff 
cloud  being  circular,  the  only  portion  of  the  chaff  cloud 
important  to  signal  attenuation  is  the  column  which  runs 
through  the  centroid  of  the  cloud.  Therefore,  only 
attenuation  through  this  part  of  the  cloud  needed  to  be 
calculated. 

When  a  circle  with  a  radius  of  350  m  is  inscribed  in  a 
cross-section  of  the  spreadsheet  model  grid  with  dimensions 
of  350  m,  the  squares  at  the  corners  of  the  grid  lie 
entirely  outside  of  the  circle.  As  a  result,  only  45  of  the 
49  columns  contained  within  the  model  needed  to  be  examined 
for  signal  attenuation.  This  is  shown  in  Figure  9. 


Figure  9.  Effect  of  Inscribing  a  Circle 
Within  the  Chaff  Cloud  Rodel 


To  deternine  if  Brown's  first  attenuation  requirement 
is  wet  by  a  chaff  cloud  in  orbit,  the  entire  cloud  is  first 
examined  at  a  time  of  one  hour  after  dispensing,  with  the 
size  of  the  internal  grid  cubes  increased  as  required  to 
ensure  all  chaff  particles  remain  within  the  7x7x7  model. 

The  number  of  chaff  particles  within  all  of  the  subvolumes 
are  then  recorded.  Then,  the  cloud  model  is  scaled  back 
down  'i  step  at  a  time  until  grid  cubes  50  m  on  a  side  are 
obtained.  It  is  important  to  assign  the  proper  number  of 
chaff  particles  to  each  of  the  subvolumes  and  the  proper 
coordinates  to  the  origin  of  the  grid  each  time  the  model  is 
scaled  up  or  down.  The  attenuation  of  the  signal  is  then 
determined  using  the  attenuation  spreadsheet.  By  varying 
the  dispensing  velocities  and  repeating  the  above  process, 
the  minimum  dispensing  velocity  which  meets  the  criterion 
for  attenuation  within  one  hour  is  established. 

In  order  to  determine  whether  a  -10  dB  attenuation  is 
maintained  for  a  period  of  twelvp  hours  and,  if  not,  for  how 
long  it  is  maintained,  a  similar  approach  is  followed.  The 
spreadsheets  are  run  at  one  hour  increments  ■for  the 
following  dispensing  velocities  (all  in  m/s):  0.01,  0.02, 

0.03,  0.04,  and  0.05.  Again,  the  entire  cloud  is  kept 
within  the  model's  grid  through  appropriate  scaling  of  the 
spreadsheets  for  each  pair  of  velocity  and  time  values. 


The  cloud  1s  then  scaled  back  down  as  required  until 
the  350  meter  diameter  cloud  Is  reached.  The  number  of 
particles  within  each  subvolume  are  recorded  at  each  step. 
These  values  are  then  used  in  subsequent  steps  as  the  total 
number  of  particles  contained  In  *he  7x7x7  subscaled  grids. 

The  downscaling  process  Involves  first  determining  the 
number  of  particles  In  each  of  the  seven  -  (4^4) 

subvolumes  In  the  total  cloud  model.  Each  of  these 
subvolumes  Is  then  run  through  the  density  spreadsheet 
Individually.  This  Is  accomplished  by  rescaling  the 
spreadsheet  so  the  outer  dimensions  of  the  subvoLume  exactly 
fit  the  7x7x7  grid^  using  the  coordinates  of  the  subvoLume 
centroids  as  the  origin  for  the  subscaled  spreadsheet  grid, 
and  ensuring  the  number  of  particles  within  the  subvoLume  is 
entered  into  the  "constants"  section  of  the  spreadsheet.  By 
using  this  process  repetitively,  the  number  of  particles  in 
each  sub-subvolume  is  determined  until  the  number  of 
particles  within  each  layer  of  the  central  column  is 
determined.  Finally,  by  manually  applying  Eq  (42)  through 
each  individual  layer  of  the  central  column,  and  multiplying 
the  final  result?  together,  the  overall  attenuation  affected 
by  the  c loud  is  obtained. 

In  order  to  clarify  the  above  discussio;  .  ppendix  C 
describ;**;  the  procedures  followed  for  one  attenuation 
calculation.  The  values  used  in  the  example  for  dispensing 
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This  chapter  presents  the  results  for  each  of  the  areas 
of  tr.is  research  effort  and  an  interpretation  of  these 
results.  The  chapter  is  divided  into  the  following  three 
sections  with  interpretations  included  as  a  part  of  each 
section:  physical  structure  of  the  chaff  cloud  over  time^ 
signal  attenuation  one  hour  after  dispensing,  and  signal 
attenuation  for  the  first  twelve  hours  after  dispensing. 

As  would  be  expected  from  the  discussion  in  Chapter  II, 
the  chaff  cloud's  physical  structure  clos-  ’  resembles  the 
cloud  described  for  Case  II  since  ’t  is  dispensed 
instantaneously  and  has  velocity  components  both  along  the 
path  of  motion  and  radially  outward.  The  only  real  change 
should  be  that  scm,.  of  the  chaff  particles  i  Isc  have 
velocity  components  0\.'t  of  the  orbital  plane. 

The  cloud  starts  out  as  a  sphere  and  exhibits  a  gradual 
spreading  out  i r.  all  directions.  The  spreading  becomes 
faste*-  for  the  higher  dispensing  velocities,  but  the  general 
shape  of  the  cloud  remains  similar  in  each  case,  figure.' 

10,  11,  12,  and  13  show  the  cloud  evolution  over  time  in  the 
and  ^  directions  for  a  0.01  m/s  dispensing  velocity. 


Di5t.  to  CerttrcKJ  in  Eta  Direction  C*iD 


Figure  10. 


.ff  Cloud  Evolution  for  a  0.01  m/s  Dispensing 
elocity:  3600  Seconds  After  Dispensing 


Olat.  to  CentrrtJeJ  In  Zeto 


Olst.  to  Centrotd  In  Zeta  DIriactloo  CmD 


01st.  to  Centroid  In  7.  Direction  CiiO 


;c. 
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Figure  13 


Although  not  shown  in  the  figure^  the  spreading  in  the  | 
direction  is  very  nearly  circula;.  To  visualize  the 
expansion  of  the  cloud  over  time  in  three-dimensions  it  is 
probably  easiest  to  imsgine  a  golf  ball,  an  egg^  a  cucumber, 

and  then  a  serving  platter.  Also  not  shown  in  the  figure  is 

« 

that  the  cloud  eventually  expands  to  form  a  toroid  around 
the  earth. 

As  mentioned  in  Chapter  II,  those  particles  dispensed 
along  the  path  of  motion  of  the  parent  satellite  experience 
changes  in  their  orbital  periods  and  thus,  their  velocities. 
These  velocity  changes  cause  the  chaff  particles  to 
continually  spread  in  the  tj  direction  as  shown  in  the 
figures.  Not  shown  in  the  figures  is  the  appearance  of  the 
cloud  in  the  ^tj-plane.  When  viewed  from  above,  the  cloud 
starts  out  as  a  circle  and  then  becomes  an  ellipse.  T.is 
change  in  the  cloud's  shape  is  caused  by  the  elongation  in 
the  TJ  direction. 

Also  not  shown  is  the  displacement  in  the  4  direction 
of  the  "leading"  and  "trailing"  edges  of  the  cloud  in 
relation  to  its  path  of  motion.  In  this  displacement,  the 
leading  edge  of  the  chaff  cloud  gradually  moves  farther  away 
from  the  earth  and  the  trailing  edge  moves  closer.  This  is 
caused  by  the  phenomenon  noted  by  Shapiro  when  he  mentioned 
the  "draion's  jaws".  Because  the  eccentricities  of  the 
individual  chaff  particle  orbits  are  disturbed  in  the 
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dispensing  process/  some  of  the  particles  necessarily  drift 
away  from  the  parent  satellite's  positio)  as  the  cloud 
approaches  the  portion  of  its  orbit  180  degrees  from  the 
point  of  dispensing.  If  the  cloud  were  examined  for  a 
longer  period  of  timOy  it  would  continue  to  oscillate 

c 

slightly  up  and  down  in  altitude^  but  the  phenomenon  would 
gradually  dampen  out. 

Finally,  the  reason  the  cloud  becomes  "thinker"  as  it 
reaches  the  12“hour  point  of  its  orbit  is  simply  explained 
by  orbital  mechanics.  As  mentioned  in  Chapter  II,  the 
particles  displaced  out  of  the  orbital  plane  will  return  to 
the  pt.ane  of  the  dispenser  every  one~hdlf  revolution  as  the 
two  planes  cross.  At  an  altitude  of  4^073  km,  the  parent 
satellite's  orbital  period  is  23.86  hours.  Therefore,  at 
very  nearly  12  hours  the  cloud  should  pinch  down  somewhat  as 
shown  in  Figures  10  through  13. 

Figure  14  shows  a  representative  graph  of  the  density 
profile  through  the  central  column  of  the  chaff  cloud.  The 
density  is  shown  as  a  function  of  percentage  of  distance 
travelled  through  the  chjff  cloud,  with  the  density  being 
greatest  in  the  center  of  the  cloud.  The  graph  presented  is 
for  a  dispensing  velocity  of  0.05  m/s  and  at  a  time  after 
dispensing  of  five  hours.  Other  combinations  of  dispensing 
velocity  and  time  after  deployment  have  similar  density 
profiles  with  profiles  of  the  cloud  at  earlier  times  having 
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a  higher  density  at  the  center  and  a  Lower  density  at  the 
outer  edges  and  with  the  opposite  being  true  for  Later  times 
after  depLoyment.  For  smaLLer  dispensing  veLocities^  the 
centraL  densities  at  the  same  point  in  time  wouLd  be  higher; 
for  higher  veLocities  they  wouLd  be  Lower. 

§i9D3 L_Attenuat ion_Af ter_One_Hour 
This  section  discusses  the  amount  of  signaL  attenuation 
affected  by  the  chaff  c  Loud  one  hour  after  initiaL 
dispensing.  Three  areas  are  addressed  for  various 
dispensing  veLocities;  attenuation  of  the  signaL  exactLy 
one  hour  after  dispensing,  attenuation  of  the  signaL  in  ten 
minute  increments  Leading  up  to  one  hour  after  dispensing, 
and  the  time  it  takes  for  the  chaff  cLoud  to  achieve  a 
-10  dS  attenuation. 

-QD®_tl9yri  This  section  answers  the 
question  of  whether  the  chaff  cLoud  can  affect  at  Least  a 
-10  dB  attenuation  of  the  input  signaL  at  a  time  of  one  hour 
after  initiaL  dispensing.  Since  dispensing  can  occur  at 
virtuaLly  any  velocity,  attenuation  is  analyzed  for 
dispensing  velocities  between  0.005  m/s  and  0.05  m/s.  The 
reason  for  limiting  the  upper  velocity  at  0.05  m/s  will  be 
explained  later  in  the  chapter. 


Figure  15  shows  the  attenuation  in  dB  of  the  Signal 
after  it  passes  through  the  chaff  cloud  at  a  time  of  one 
hour  for  the ‘dispensing  velocities  of  0.0115  to  0.0155  m/s. 
As  would  be  expected^  the  attenuation  is  greater  for  the 
higher  dispensing  velocities  than  for  the  lower  velocities. 
This  is  because  the  faster  dispensing  causes  the  particles 
to  expand  and  fill  the  required  cross-sectional  area  faster 
than  the  slower  velocities.  With  more  particles  within  the 
outer  region  of  the  central  column^  more  attenuation  is 
affected.  Also^  the  greater  velocity  has  the  effect  of 
making  the  thickness  of  the  central  column  increase.  With 
..lOre  distance  for  the  signal  to  traverse,  more  attenuation 
is  affected. 

From  the  figure,  it  can  also  be  seen  that  the 
attenuation  is  less  than  -10  dB  for  velocities  less  than 
approximately  0.014  m/s.  Therefore,  the  dispensing  velocity 
has  to  be  greater  than  this  value  for  the  chaff  cloud  to  be 
effective. 

The  range  of  dispensing  velocities  examined  for  vhis 
study  was  expanded  in  Figure  16  so  velocities  between  0  and 
0.05  m/s  could  be  examined  for  signal  attenuation  at  a  time 
of  one  hour  after  dispensing.  As  before,  vhe  attenuation 
generally  increases  with  increasing  dispensing  velocities. 
However,  at  a  velocity  of  approximately  0.04  m/s  the 
attenuation  level  begins  to  decrease.  There  are  two 
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Figure  15.  Signal  Attenuation  at  One  Hour  for  Dispensing  Velocities 
Between  0.0115  and  0.0155  m/s 


phenomena  which  contribute  to  the  increasing-decreasing 
attenuation:  a  decreasing  number  of  particles  in  the 
centroid  of  the  chaff  cloud  and  an  increasing  path  length 
through  the  chaff  cloud. 

For  velocities  less  than  0.04  m/s,  not  enough  particles 
are  able  to  reach  the  outer  edge  of  the  central  column  to 
affect  a  -10  dB  attenuation  within  one  hour.  For  velocities 
above  0.04  m/s,  particles  are  retreating  from  the  centroin 
at  a  rate  fast  enough  that  the  number  left  within  the 
centroid  decreases  below  that  required  for  the  greatest 
attenuation.  In  fact,  the  maximum  attenuation  at  one  hour 
for  the  central  subvolume  occurs  for  a  velocity  of  about 
0.035  m/s.  The  increasing  path  length  now  becomes  important 
to  the  attenuation  of  the  signal.  At  dispensing  velocities 
less  than  0.04  m/s,  the  chaff  cloud  attenuation  at  the  one 
hour  point  is  accomplished  almost  entirely  by  the  particles 
within  the  subvolume  at  the  centroid  of  the  cloud.  At 
higher  velocities,  a  greater  percentage  of  the  signal 
attenuation  is  caused  by  the  particles  that  lie  in 
subvolumes  farther  from  the  centroid.  It  is  this 
combination  of  attenuation  due  to  the  large  number  of 
particles  in  the  centroid  and  attenuation  dua  to  the 
increasing  number  of  particles  along  the  ever  increasing 
path  length  that  cause  0.04  m/s  to  be  the  velocity  with  the 
highest  attenuation.  For  velocities  above  0.04  m/s,  the 
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attenuation  in  the  centroid  drops  off  faster  than  the 
surrounding  subvolumes  can  compensate^  so  the  o^'erall 
attenuation  for  the  chaff  cloud  gradually  begins  to 
decrease. 

SDy§5i9D_iD-I®D_i!lDy5S_iD££S!!!SDi5i  figure  17  shows  plots 
of  attenuation  versus  dispensing  velocity  for  times  after 
dispensing  of  10/  20,  30/  40/  50/  and  60  minutes.  Again  as 
expected/  the  attenuation  is  greatest  for  the  highest 
dispensing  velocities  for  each  point  in  time.  From  the 
figure  it  is  clear  that  at  times  of  10  and  20  minutes  after 
dispensing/  almost  none  of  the  dispensing  velocities  acheive 
an  effective  level  ot  attenuation.  1‘.  ;<ever/  for  times 
greater  than  30  mmutes  after  dispenting/  the  attenuation 
level'  acheived  are  fairly  significant  for  all  dispensing 
velocities  above  0.03  m/s.  The  decrease  in  attenuation 
found  in  Figure  16  is  also  apparent  in  Fic.<re  17. 

Il3!§_yD5li_rlQ_y§_£ii 55Dy9^ l2Di  Although  not  specifically 
outlined  as  a  requirement  by  Brown/  it  woul"*  be  nice  to  know 
the  time  it  takes  for  the  chaff  cloud  to  acheive  a  -10  dB 
attenuation  for  various  dispensing  velocities.  Fi'jure  1^ 
showS/  to  an  accuracy  of  plus  or  minus  five  minuteS/  the 
time  ’r  takes  the  chaff  cloud  to  attain  an  attenuation  level 
of  at  least  -10  dB.  For  velocities  of  0.03  m/S/  effective 
attenuation  is  achieved  within  the  first  30  minutes  or  in 
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Ten 


Figure  18,  Time  Until  -10  dB  Attenuation 


h«lf  of  the  required  time.  However^  for  velocities  of  0.01 
and  0.005  m/s  the  time  before  effective  attenuation  is 
achieved  are  90  and  190  minutes,  respectively. 

The  reason  for  the  great  disparity  in  the  time  until 
effective  attenuation  occurs  can  be  explained  by  looking  at 
the  Maxwellian  velocity  distribution  used  for  the  chaff 
cloud.  The  distribution  !ias  a  negative  exponential  function 
which  decreases  to  zero  for  increasingly  large  exponents. 
However,  the  dispensing  velocities  are  placed  in  the 
denominator  of  the  exponent  so  larger  velocities  cause  the 
function  to  increase  rather  than  decrease.  The  additional 
effect  of  squaring  the  dispensing  velocities  in  the  equation 
causes  small  changes  to  have  a  relatively  large  effect. 

The  overall  effect  of  the  Maxwellian  velocity 
distribution  is  that,  most  of  the  particles  will  have 
velocities  near  the  dispensing  velocity  with  a  few  with  much 
greater  velocities  as  the  function  decreases  in  the  tail 
region.  Therefore,  for  a  dispensing  velocity  of  0.005  m/s, 
not  many  particles  will  have  velocities  even  as  high  as  0.05 
m/s  end  only  a  very  small  number  will  have  higher 
velocities.  However,  for  0.05  m/s,  most  particles  will  have 
a  dispensing  velocity  of  0.05  m/s  with  a  few  having  much 
greater  velocities.  The  result  is  that  the  area  required  of 
the  chaff  cloud  for  attenuation  of  a  signal  is  covered  by 
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particles  at  a  much  faster  rate  for  larger  dispensing 
velocities  than  for  lesser  velocities. 

J?Dy§fi9D_I!!£_£i£55_Ii!Si!f?_!i9yr5-^l5!r_5iS9®D§iD9 

This  section  exaeines  the  attenuation  affected  by  the 
chaff  cloud  for  the  first  twelve  hours  after  dispensing^ 
since  the  second  requirement  for  attenuation  is  that  the 
cloud  maintain  an  attenuation  of  -10  dB  for  at  least  twelve 
hours.  The  twelve  hour  attenuation  is  examined  in  two 
parts.  In  the  first,  the  attenuation  of  dispensing 
velocities  between  0.01  m/s  and  O.OS  m/s  will  be  examined  by 
looking  at  individual  plots  of  attenuation.  In  the  second, 
the  attenuation  levels  are  examined  on  a  collective  plot 
where  all  the  velocities  are  represented. 

iD^iy idual_Di sgens ing_Veloci t i es_f orTwe lye_Hours . 
Figures  19  through  23  show  plots  of  signal  attenuation 
versus  time  for  dispensing  velocities  of  0.01,  0.02,  0.03, 
0.04,  and  0.05  m/s  respectively.  Figure  19  shows  the  signal 
attenuation  increasing  up  to  the  four-hour  point  at  which 
time  it  begins  to  decrease.  Figures  20  through  23  show 
similar  occurences  uikh  the  maximums  being  reached  at  times 
of  two  hours,  one  hour,  one  hour,  and  50  minutes, 
respectively.  These  decreases  in  attenuation  are  caused  by 
the  same  phenomena  mentioned  in  tha  orevious  section  where 
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the  nuaber  of  particles  Left  in  the  centroid  of  each  cloud 
drops  below  the  number  required  for  maximum  attenuation. 

Another  feature  in  each  of  the  figures  is  that  the 
attenuation  reaches  its  maximum  value  at  a  faster  ate  than 
the  attenuation  dei;reases  beyond  the  maximum.  Thus^  each  of 
the  plots  take  on  the  shape  of  “V"  with  the  left  leg  at  a 
greater  angle  with  respect  to  the  horizontal  than  the  right 
leg.  This  feature  is  most  prominent  for  the  higher 
velocities. 

All  figures  also  show  the  attenuation  levels  dropping 
below  the  -10  dS  point  before  the  twelve-hour  point  is 
reached.  Therefore^  none  of  the  clouds  meet  the  second 
attenuation  requirement  set  by  Brown.  This  problem  can  be 
explained  by  examining  the  orbital  mechanics  of  the  cloud. 

As  mentioned  previously^  the  cloud  pinches  down  as  it 
approaches  the  twelve-hour  pointy  causing  the  cloud  to 

c 

become  smaller  in  the  t  direction  than  that  required  for 
proper  attenuation  across  the  required  cross-sectional  area. 
The  only  way  to  get  the  cloud  to  pinch  do  n  after  12  hours 
would  be  to  deploy  it  far  enough  away  from  the  earth  so  that 
its  orbital  period  would  be  greater  than  2'4  hours.  However, 
since  thi?>  would  cause  the  cloud  to  lie  outside  the  orbit  of 
the  DSCS  satellite  it  is  attempting  to  jam,  the  cloud  would 
be  rendered  useless  as  a  jammer. 


95 


Exaslinatlon  of  the  figures  also  shows  the  following 
interesting  feature  for  all  but  the  0.01  m/s  dispensing 
velocity:  As  the  time  approaches  the  twelve  hour  point,  the 
attenuation  (which- was  decreasing)  begins  to  increase  again. 
This  can  be  explained  by  the  fact  that  the  cloud  is 
expanding  along  the  central  column  in  the  4  direction.  When 
a  cloud  becomes  lar^e  enough,  the  fact  that  attenuation 
through  any  one  subvolume  along  the  central  column  does  not 
greatly  attenuate  the  signal  is  counteracted  by  the 
multiplicative  effect  of  the  signal  passing  through  more  and 
more  subvolumes  along  the  way.  For  example,  if  each  of  21 
subvolumes  along  the  signal's  path  cut  the  signal  by  only  IS 
percent,  the  final  output  signal  would  be  0.032  of  the  input 
signal.  This  equates  to  an  attenuation  of  -14,8  dB.  The 
fact  that  the  attenuation  again  drops  off  after  this  portion 
of  the  curve  for  each  figure  is  due  to  the  pinching  down  of 
the  cloud  which  was  described  above. 

For  -most  of  the  dispensing  velocities  examined,  once 
attenuation  of  greater  than  -10  dB  is  attained,  it  remains 
above  that  level  until  the  pinching  of  the  cloud  causes 
attenuation  to  decrease  again.  However,  the  level  of 
attenuation  at  which  the  attenuation  stops  dac'*easing  and 
begins  to  increase  again  becomes  lower  for  increasing 
velocities.  For  example,  the  attenuation  of  the  0.02  m/s 
dispensing  velocity  cloud  began  to  increase  sga^n  after 


96 


attenustion  dropped  to  about  -75  dB.  But^  for  a  dispensing 
velocity  of  0.05  m/s,  the  attenuation  did  not  increase  until 
it  was  slightly  below  -10  dB.  Therefore^  for  dispensing 
velocities  greater  than  0.05  m/s,  the  attenuation  level 
would  also  drop  below  -10  dB  before  the  attenuation  level 
began  to  increase  again.  Since  the  attenuation  of  the  cloud 
with  a  dispensing  velocity  of  0.05  m/s  dropped  below  -10  dB 
after  only  nine  hours^  higher  dispensing  velocities  would 
attenuate  for  even  shorter  periods  of  time  and,  thus,  were 
not  examined. 

IS§]:ifS_y9yC§i  When  Figures  19  through  23  are  superimposed 
upon  each  other.  Figure  24  results.  Figure  24  looks  pretty 
much  as  expected,  with  the  curves  for  Lower  dispensing 
velocities  lying  below  and  the  to  the  right  of  the  higher 
dispensing  velocities.  However,  a  closer  examination  shows 
both  the  0.01  and  0.02  m/s  curves  crossing  the  other  curves 
beginning  at  about  nine  and  eleven  hours,  respectively. 

The  reason  behind  this  apparent  discrepancy  with  the 
previous  results  is  once  more  due  to  tne  interaction  of  the 
three  major  functions  affecting  attenuation:  the  number  of 
particles  within  the  subvolumes,  the  size  of  the  chaff 
cloud,  and  the  pinching  of  the  cloud  at  the  twelve  hour 
point.  Since  the  chaff  clouds  with  higher  dispensing 
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Figure  24.  Attenuation  for  the  First  Twelve  Hours 
0.01,  0.02,  0.03,  0.04,  and  0.05  m/s 
Dispensing  Velocities 


velocities  expand  much  more  rapidly  than  the  clouds  with 
smaller  dispensing  velocities^  the  multiplicative  effect  of 
the  attenuation  through  the  subvolumes  is  greater  for  them 
than  for  the  clouds  with  slower  dispensing  velocities. 

Thus^  despite  the  fact  that  the  clouds  with  slower 
dispensing  have  more  particles  contained  near  their 
centroids  than  the  clouds  with  faster  dispensing^  the  small 
number  of  subvolumes  along  the  central  column  becomes  an 
inhibiting  factor  to  overall  signal  attenuation. 

For  example,  at  ten  hours,  the  attenuation  through  the 
centroid  of  the  cloud  with  a  0.01  m/s  dispensing  velocity  is 
97. A  percent,  while  it  is  only  86.4  percent  for  the  cloud 
with  a  0.05  m/s  dispensing  velocity.  However,  with  11 
subvoluraes  0.35  km  on  a  side  along  the  central  column,  the 
cloud  with  the  higher  dispensing  velocity  has  an  overall 
attenuation  of  99.98  percent.  The  cloud  with  a  0.01  m/s 
dispensing  velocity  has  only  five  subvolumes  along  the 
central  column  for  an  attenuation  of  98.8  percent.  The 
reason  the  clouds  with  0.03  and  0.04  m/s  dispensing 
velocities  do  not  cross  over  the  other  curves  is  because  the 
pinching  effect  of  the  chaff  cloud  begins  to  dominate  the 
expansion  function  for  these  velocities  before  the  expansion 
functions  show  up  on  the  graphs. 
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VT.  Conclusions  end  Reconiiendat  1  ons 


This  chapter  sunaarlzes  the  research  done  to  study  the 
deployaent  of  a  chaff  cloud  In  space.  First,  It  lists  and 
discusses  conclusions  that  can  be  drawn  directly  from  the 
results.  Then  It  lists  some  recommendations  for  areas  of 
further  stud/  and  briefly  discusses  these  recommendations. 

£9D£iy§i2DS 

The  results  of  the  previous  chapter  clearly  demonstrate 
that  no  dispensing  velocity  for  the  chaff  cloud  allows  it  to 
attenuate  the  Incident  communications'  signal  for  twelve 
hours  because  of  the  laws  of  orbital  mechanics.  Also 
demonstrated  was  that  dispensing  velocities  less  than 
0.014  m/s  or  greater  than  0.05  m/s  are  inadequate,  in  the 
first  case  because  the  signal  is  not  attenuated  quickly 
enough  and  In  the  second  case  because  signal  attenuation 
drops  below  -10  dB  at  a  time  of  nine  hours  after  dispensing. 

Since  none  of  the  dispensing  velocities  attenu’ate  for  a 
full  twelve  hours,  a  compromise  with  the  attenuation 
requirements  set  by  Brown  will  have  to  be  reached.  It  is 
probably  best  to  choose  a  dispensing  velocity  for  the  chaff 
cloud  that  causes  attenuation  as  quickly  as  possible  and 
that  also  continues  to  attenuate  for  as  long  ss  possible. 
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The  early  attenuation  will  help  counteract  the  fact  that 
attenuation  does  not  continue  up  to  the  twelve  hour  point. 
Dispensing  velocities  greater  than  0.03  m/s  seem  to  be  best 
since  they  can  attenuate  the  signal  within  30  minutes  and 
continue  to  attenuate  the  signal  up  to  the  point  the  cloud 
pinches  down  near  twelve  hours.  However^  the  attenuation  by 
the  clouds  with  dispensing  velocities  of  0.04  and  0.05  m/s 
drop  as  low  as  -17  and  -9.8  dB  well  before  the  twelve  hour 
point,  while  the  attenuation  by  the  0.03  m/s  velocity  cloud 
drops  only  as  Lou  as  -37  dB.  For  this  reason,  the 
dispensing  velocity  of  a  chaff  cloud  in  space  should  be 
approximately  0.03  m/s  to  best  acheive  the  attenuation 
requirements  suggested  by  Brown. 

5££2!!!!5f  Dy3ii2D§ 

With  the  feasibilit)  of  using  a  chaff  cloud  in  space  as 
a  communications  jamming  device  demonstrated,  it  is  now 
necessary  to  ask  a  few  questions  regarding  the  assumpt ions 
used  in  the  study  and  to  outline  some  areas  of  further 
'•esearch  concerning  the  chaff  cloud.  This  section  asks  the 
following  four-  questions: 

1)  Are  the  attenuation  levels  acheived  by  the 
chaff  cloud  high  enough  to  make  the  cloud 
useful  ? 
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2)  How  does  relative  motion  between  the  centroid 
of  the  chaff  cloud  and  the  target  satellite 
affect  attenuation? 

3)  Are  the  assumptions  regarding  the  dispensing 
of  the  chaff  cloud  reasonable?^  and 

4)  What  are  the  effects  of  the  chaff  cloud  on 
other  satellites? 

b§_£!l§ll_?i9y^_y§Sfyi2  Although  the  chaff  cloud 
does  not  maintain  a  significant  level  of  attenuation  for  a 
full  twelve  hours^  the  fact  that  it  does  maintain  levels  of 
more  than  -50  dB  for  several  hours  is  certainly  significant. 
Therefore^  it  would  be  worthwhile  to  look  into  the 
significance  to  communications  of  the  levels  of  attenuation 
attainable  by  a  space-borne  chaff  cloud.  Areas  addressed 
could  include:  the  length  of  time  attenuation  needs  to  be 
maintained  in  order  for  communications  to  be  sigificantly 
disrupted;  levels  of  attenuation  required  to  disrupt  most 
satellite  corimunications,  and  what  conditions  apply  to  each 
level;  and  what  sort  of  tradeoffs  can  be  made  between 
attenuation  levels  achieved  by  a  chaff  cloudand  the  periods 
of  time  over  which  the  levels  are  maintained  so  that  the 
most  significant  signal  disruption  occurs.  All  these 
questions  could  be  addressed  to  the  various  dispensing 
velocities  available  for  the  chaff  cloud  to  help  redefine 
limits  for  the  model. 
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Another  question,  .that  needs  to  be  asked  Is  what  happens 
to  the  signal  attenuation  after  the  twelve  hour  point? 

Since  the  cloud  will  begin  to  expand  again  after  the  twelve 
hour  pinching^  perhaps  a  feu  eore  hours  of  attenuation  can 
be  achelved  by  the  cloud  after  attenuation  levels  build  back 
up  again.  The  levels  of  this  second  period  of  attenuation 
need  to  be  examined  to  see  hew  long  they  remain  significant 
If,  In  fact,  they  are.  Maybe  the  pinching  down  can  be 
counteracted  by  another  attenuation  device  until  the  cloud 
expands  again.  Finally,  since  the  chaff  cloud  is 
continually  expanding  and  contracting  causing  periodic 
signal  disturbances,  perhaps  nothing  more  needs  to  be  done 
to  significantly  disrupt  communications. 

Brown  points  out  in  his  thesis,  the 
chaff  cloud  has  a  motion  relative  to  a  geosynchronous 
satellite  of  7  m/s.  This  is  due  to  the  fact  that  the  cloud 
is  in  a  lower  orbit  around  the  earth  than  the  target 
satellite.  Since  the  chaff  cloud  is  expanding  at  a  much 
slower  rate  than  this  relative  motion,  the  chaff  cloud  will 
move  out  of  a  position  of  effective  attenuation  well  before 
maximum  attenuation  is  reached  (Brown,  1987:4-18  to  4-19). 

There  are  several  ways  of  dealing  with  this  problem: 
deploying  the  cloud. closer  to  a  geosynchronous  altitude  to 
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Minimize  the  relative  motion;  deploying  the  cloud  earlier  in 
time  so  It  drifts  across  the  geosynchronous  satellite's 
field  of  view  after  the  cloud  has  grown  large  enough  to 
effectively  attenuate  the  signal;  deploying  the  chaff  cloud 
from  an  elliptical  orbit  and  allowing  the  changing  velocity 
of  the  chaff  cloudy  as  it  follows  the  elliptical  path^  to 
keep  the  cloud  in  the  geosynchronous  satellite's  field  of 
view  longer;  and  deploying  more  than  one  chaff  cloud  in 
orbit/  and  allowing  them  to  drift  past  the  geosynchronous 
target  in  succession. 

8y  deploying  the  chaff  cloud  from  a  higher  altitude, 
the  relative  motion  between  it  and  a  geosynchronous  target 
can  be  reduced  substantially.  However,  if  the  relative 
motion  was  to  be  reduced  to  0.5  m/s,  the  chaff  cloud  would 
be  deployed  only  13.8  km  below  geosynchronous  altitude.  In 
this  case,  the  relative  motion  between  the  two  bodies  would 
still  be  too  high  as  it  would  take  a  2.45  km  diameter  chaff 
cloud  only  a  little  less  than  an  hour  and  a  half  to  pass 
completely  in  front  of  a  geosynchronous  satellite.  More 
importantly,  the  chaff  cloud  would  be  unacceptably  cl^se  to 
the  target  satellite,  as  expansion  of  the  chaff  cloud  would 
eventually  cause  it  to  collide  with  the  satellite. 

Perhaps  the  chaff  cloud  can  be  dispensed  before  it  is 
actually  needed  so  that  its  expansion  would  be  big  enough  to 
cause  effective  attenuation  over  the  required  area  on  the 


ground  as  it  drifted  past  the  geosynchronous  satellite. 

This  would  eliminate  the  need  to  wait  for  the  cloud  to 
expand  as  it  drifted  out  of  view  of  the  target  satellite. 

If  the  timing  and  direction  of  motion  of  the  chaff  cloud  was 
right/  attenuation  levels  of  several  hours  might  be 
realized/  since  the  chaff  cloud  expands  fastest  along  its 
path  of  motion.  For  example/  the  cloud  could  be  dispensed 
so  that  just  as  it  reached  a  length  of  2.45  km  in  the  ^ 
direction/  it  would  begin  to  cross  the  path  of  the  uplink 
signal  to  the  target  satellite.  By  the  time  the  cloud 
drifted  past  the  geosynchronous  satellite/  several  minutes 
would  have  elapsed.  This  option  might  also  work  with  the 
cloud  at  a  higher  altitude  so  the  relative  velocity  between 
the  two  bodies  is  minimized.  Both  of  these  options  should 
also  be  examined  in  connection  with  the  level  of 
attenuation/time  of  attenuation  calculations  mentioned 
previously/  in  order  to  best  meet  atteni'^tion  requirements. 

The  third  option/  deploying  the  chaff  cloud  in  a 
slightly  elliptical  orbit  such  that  It  slows  down  as  it 
passes  the  geosynchronous  satellite/  was  posed  by  Brown  in 
his  thesis.  The  idea  is  based  on  the  fact  that  a  satellite 
travels  at  a  slower  velocity  at  apogee  than  at  perigee. 

Brown  showed  that  the  chaff  cloud  can  be  deployed  in  an 
orbit  with  properly  chosen  apogee  and  perigee  altitudes  so 
that  the  centroid  of  the  chaff  cloud  will  ressain  within  42 
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meters  of  a  point  located  directly  in  front  of  the  satellite 
for  twelve  hours.  This  occurs  because  the  satellite  catches 
up  to  and  slightly  passes  the  centroid  of  the  chaff  cloud  as 
the  cloud  approaches  its  apogee.  The  satellite  tt^en  slowly 
falls  behind  the  chaff  cloud  as  the  cloud  speeds  up  on  its 
way  to  perigee.  According  to  Brown^  the  orbit  for  which 
this  will  work  has  a  perigee  100  NH  below  geosynchronous 
altitude  and  an  apogee  at  geosynchronous  altitude  (Brown, 
1937:4-19  to  4-22).  However,  Brown  neglects  to  examinethe 
pinching  down  of  the  chaff  cloud  or  the  possibility  of 
collisions  between  the  cloud  and  the  geosynchronous 
satellite  in  his  analysis,  so  further  study  in  this  area  is 
warranted. 

Finally,  the  chaff  cloud  could  be  dispensed  as  a  series 
of  clouds  along  .the  path  of  relative  motion  which  exists 
between  the  geosynchronous  satellite  and  the  chaff  cloud. 
This  way,  as  one  cloud  passes  the  field  of  view  of  the 
geosynchronous  satellite,  another  would  appear  in  its  place. 
If  enough  chaff  clouds  were  dispensed  in  this  manner,  the 
relative  motion  might  no  Longer  pose  a  problem.  Perhaps 
even  the  problem  of  the  cloud  oinching  down  could  be 
eliminated  by  spacing  the  c  louds  so  that  as  one  cloud  began 
pinching  down,  another  would  expand  in  its  place. 


106 


Ar£_tt!e_2i§fiSD§iD9_^S§y5B5i9D§-5S.?§2D§^iS2  Many 
assumptions  went  into  the  chaff  cloud  deployment  model  and 
while  all  are  reasonable  for  the  first-order  calculations  of 
this  study^  further  analyses  would  require  a  more  critical 
look  in  the  following  areas:  weight  and  volume  restrictions 
on  a  space-deployed  chaff  cloud,  ability  to  meet  dispi*nsing 
velocity  requirements  with  a  spherical  cloud  deplov.uent, 
possibility  or  oirdnesting  of  chaff  particles,  and  actual 
velocity  distribution  of  chaff  particles. 

With  100  billion  chaff  particles  being  deployed,  the 

weight  and  size  of  the  chaff  package  to  be  put  near 

geosynchronous  altitude  could  be  significant.  According  to 

Brown,  the  volume  of  a  single  chaff  particle  of  the  size 

-12 

used  for  this  study  is  1.47x10  m"'.  The  particle  density 

and  appropriate  packing  density  for  the  chaff  package  are 
2550  kg/m^  and  .55,  respectively. (Brown,  1987:4-5). 
Therefore,  the  particles  weigh  375  kg  (826  lb)  and  occupy 

-1  3 

2.61x10  ■  m  .  The  volume  occupied  by  the  chaff  particles 
is  fairly  small  so  the  chaff  package  could  probably  be 
easily  launched  into  orbit  as  a  ’‘piggyback"  on  another 
satellite.  However,  the  weight  is  high  and  would  probably 
require  a  separate  launch  to  reach  orbit.  After  launch 
costs  are  considered,  one  chaff  cloud  coulo  easily  cost 
hundreds  of  thousands  of  dollars'to  deploy.  If  higher 
attenuation  values  were  desired,  the  cloud  would  weigh  and 
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cost  even  more.  One  possibility  would  be  to  reduce  the 
number  of  chaff  particles.  This,  of  course,  would  require 
another  attenuation  study,  but  a  factor  of  10  reduction  in 
the  number  of  particles  would  result  in  a  more  manageable 
weight  of  37.5  kg.  If  the  reduction  in  attenuation  were  not 
too  great,  the  deployment  of  the  cloud  might  be  feasible. 

The  second  dispensing  assumption  that  needs  further 
consideration  is  the  initial  spherical  dispensing  pattern. 
Although  an  exploding  ball  of  chaff  with  a  central  charge 
could  be  constructed,  it  is  not  clear  if  dispensing 
velocities  of  less  than  0.05  m/s  could  also  be  realized.  If 
not,  another  dispensing  mechanism  needs  to  be  devised. 
Additionally,  Brown  suggests  that  an  explosive  charge  might 
damage  a  large  number  of  the  chaff  particles  (Brown, 

1 987:4-1 1),  Brown  also  suggests  dispensing  the  chaff 
particles  using  spools  of  chaff  from  which  tne  chaff  is 
deployed  as  the  spools  rotate.  This  is  how  the  dipoles  were 
dispensed  for  Project  West  ford.  For  West  Ford,  the  dipolas 
were  attached  to  the  spools  with  napthalene  which  melted 
upon  exposure  to  sunlight,  thus  releasing  the  dipoles  over 
time.  All  the  spools  were  initially  spun  about  the  axis  of 
minimum  moment  of  inertia  so  that  the  release  of  the  dipoles 
would  upset  this  inheretitly  unstable  condition  and  cause  the 
fpools  to  tumble.  Thus,  the  dipoles  were  released  in  all 
directions  (Brown,  1987:4-11  to  4-1?;.  By  dispensing  the 
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particles  in  this  manner,  however;  the  model  used  in  this 
study  would  be  invalidated,  since  the  model  used  assumed 
instantaneous  dispersing.  Maybe  a  compromise  could  be 
reached  between  dispensing  techniques,  or  Heard's  long-term 
dispensing  model  could  be  applied. 

Another  problem  with  dispensing  chaff  particles  in 
space  is  "bi rdnest i ng",  the  clumping  together  of  particles 
due  to  attractive  electrical  charges  on  the  particles. 
According  to  MacLellan,  up  to  50  percent  of  the  dipoles  for 
project  West  Ford  were  involved  in  birdnesting  (MacLellan, 
1964:564).  This  condition  would  be  expected  with  the 
dispensing  of  any  lightweight  metallic  objects  in  space 
since  there  are  no  aerodynamic  forces  present  to  help  the 
particles  separate  upon  deployment.  Since  all  particles  in 
the  mode  I  were  assumed  to  properly  deploy,  a  correction 
factor  might  need  to  be  used  to  take  birdnesting  into 
account,  but  proper  values  for  the  number  of  particles 
involved  need  to  be  established  first. 

The  final  assumption  associated  with  the  dispensing 
process  that  deserves  additional  consideration  is  the 
velocity  distribution  function.  Although  a  Maxwellian 
distribution  seems  appropriate  for  the  chaff  cloud  in 
general,  the  Maxwellian  distribution  technically  has  no 
upper  limit  on  particle  velocity  while  the  chaff  particles 
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definitely  have  an  upper  Limit  on  their  velocity.  This 
problem  becomes  important  for  the  chaff  cloud  because  of  the 
large  number  of  particles  involved.  If  only  0.001  percent 
of  the  particles  had  a  velocity  above  a  certain  value^.  the 
number  of  chaff  particles  involved  would  be  1  million. 

Thus,  the  model  would  show  a  large  number  of  particles 
located  a  much  greater  distance  from  the  centroid  of  the 
chaff  cloud  than  there  really  were.  This  discrepancy  could 
greatly  affect  the  attenuation  calculations,  depending  on 
which  portion  of  cloud  was  being  considered  and  how  much 
time  had  elapsed  since  dispensing.  Therefore,  a  new  model 
which  properly  places  an  upper  bound  on  dispensing  velocity 
should  be  looked  into  if  chaff  deployment  in  spare  is  to  be 
further  considered. 

yt!§5_A£e_the_Ef  f  ec  t  s_gf  _t  he_Ch3ff  _on_0t  her_Satellites? 
Chaff  can  be  expected  to  have  two  possible  interactions  with 
satellites:  attenuatioi  of  communication  signals  and 

collisions. 

Since  the  chaff  cloud  is  moving  with  respect  to  the 
satellite  it  is  attempting  to  jam,  it  has  the  possibility  of 
drifting  in  front  of  other  satellites  and  disrupting  their 
communications.  In  order  to  fully  assess  the  impact  on 
communications,  the  locations  and  t ransmi t t i ng/ recei vi ng 
frequencies  of  other  nearby  satellites  would  have  to  be 
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examined  before  each  chaff  cloud  deployment.  Also^  if  the 
frequency  the  chaff  was  designed  to  attenuate  was  not  the 
same  one  used  by  other  satellites  in  the  vicinity^  even  if 
the  chaff  cloud  passed  directly  in  front  of  the  other 
satellutes^  only  noise  would  result.  Therefore^  even  if  the 
chaff  cloud  did  accidentally  get  in  between  a  satellite  and 
its  ground  station,  the  signal  might  not  be  attenuated  below 
the  level  necessary  for  uninterrupted  comuni  cation. 

However,  an  increase  in  noise  for  all  satellites  the  chaff 
cloud  passes  in  front  of  can  be  expected.  On  the  plus  side, 
perhaps  the  cloud  could  be  deployed  to  jam  more  than  one 
satellite  for  specified  periods  of  time  if  the  satellites 
were  close  enough  together.  Further  research  into  these 
areas  is  clearly  needed. 

Also  of  major  concern  should  be  the  possibility  of 
collisions  between  the  chaff  particles  and  other  satellites 
in  earth  orbit.  Fortunately,  the  chaff  cloud  as  envisioned 
is  well  below  the  altitude  of  geosynchronous  satellites,  so 
impacts  with  them  would  not  be  a  problem.  However,  solar 
radiation  pressure  and  other  perturbative  forces  will  cause 
the  chaff  particles  to  decay  into  lower  orbits,  so  they 
could  eventually  come  in  contact  with  satellites  nearer  to 
the  earth. 

Since  the  chaff  particles  are  so  tiny,  they  at  first 
would  not  seem  to  pose  much  of  a  threat.  However,  with  the 
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chaff  cloud  moving  at  about  3  km/s,  impacts  could  be 
devastating.  According  to  Donald  J.  Kessler^  a  NASA 
scientist  who  studies  space  debriS/  objects  between  1  mm  and 
1  cm  in  size  can  penetrate  spacecraft  walls  if  they  are 
moving  at  velocities  of  10  kn./s  (Kessler^  1987:587).  With 
the  chaff  particles  being  1.87  cm  long  (Brown^  1987:4-3), 
although  also  being  very  thin  and  moving  much  slower  than 
10  km/s,  impacts  might  still  be  a  problem. 

Even  if  the  chaff  particles  do  not  damage  the 
satellites  they  come  into  contact  with,  they  could  interfere 
with  the  satellites'  operating  functions  by  sticking  to  the 
satellites'  surfaces.  Since  the  chaff  particles  are  at 
least  partially  composed  of  metal,  the  bombardment  of  the 
chaff  particles  by  high  energy  particles  from  the  sun  will 
likely  cause  the  chaff  particles  to  acquire  an  electric 
charge.  If  the  charged  chaff  particles  were  to  fly  within 
close  proximity  of  an  oppositely  cha'*ged  satellite  surface, 
they  would  be  drawn  to  the  satellite  and  stick  to  the 
surface.  If  enough  particles  stuck  tr  solar  panels  or 
antennas,  a  deg'^adation  of  satellite  operatidns  might 
result.  Therefore,  this  is  another  area  which  warrants 
further  study. 

Two  suggestions  were  proposed  by  Brown  to  help 
eliminate  the  problem  of  unwanted  signal  attenuation  by  and 
impacts  with  the  chaff  cloud:  constructing  the  chaff  of 
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materials  so  fine  they  would  be  broken  up  and  swept  away  by 
the  solar  wind^  or  using  materials  for  the  chaff  that 
deteriorate  when  exposed  to  ultraviolet  light  (Brown, 
1987:4-23  to  4-24).  Although  Brown  did  not  go  into  much 
detail  on  these  suggestions,  they  might  deserve  further 
consideration  if  a  chaff  cloud  is  to  be  deployed  in  space. 
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Aggendix_A : _ 5SD§l5X_§Br5?^5bSS5_E9r!Dyi3§ 


This  appendix  contains  a  printout  of  all  the  formulas 
used  in  the  density  spreadsheet.  Each  cell  of  the 
spreadsheet  is. listed  on  a  separate  line.  The  cell  labels 
are  set  up  so  that  letters  represent  columns  and  numbers 
represent  rows  starting  from  the  upper  left  corner  of  the 
spreadsheet.  Therefore^  entry  •*010"  is  the  fourth  entry 
from  the  left  in  the  tenth  row  of  the  spreadsheet. 

In  the  formula  printout,  several  symbols  are  used  in 
front  of  the  cell  entries.  An  apostrophe,  a  set  of 
quotation  marks,  or  a  caret  symbol  (^)  indicate  that  the 
entry  in  the  cell  is  a  label  and  not  used  in  any 
calculations.  The  symbol  "CwlOD”  is  used  to  represent  each 
new  row  of  the  spreadsheet,  and  the  symbol  indicates 

that  the  cell  is  filled  with  a  row  of  hyphens.  mII  cells 
without  one  of  these  marks  are  either  blank  or  contain 
formulas. 

Rows  1  through  20  contain  constants  and  variables  for 
use  in  calculations  by  the  mst  of  the  spreadsheet.  The 
constants  are  those  used  by  Heard  in  Eq  (40)  and  the 
variables  are  the  following;  the  spreadsheet  scaling 
factor,  the  square  of  the  thermal  velocity  of  the  chaff 
particles,  the  time  after  dispensing.,  the  number  of  chaff 
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particles  in  the-  spreadsheet  grid/  the  dispensing  velocity 
of  the  chaff  particles/  and  the  displacement  coordinates  of 
the  centroid  of  the  spreadsheet  grid  from  the  centroid  of 
the  chaff  cloud. 

Rows  k1  through  78^  80  through  137/  139  through  196/ 

198  through  255/  257  through  314/  316  through  373/  and  375 
through  430  calculate  the  relative  number  densities  for  each 
of  the  seven  values  of  I  contained  in  the  spreadsheet  model 
grid.  Within  each  of  these  sections  are  subsections  which 
calculate  values  for  Pi/  P2/  and  P3;  a  logic  table  to  help 
the  spreadsheet  calculate  exponents  of  negative  numbers 
smaller  than  negative  200;  and  calculations  of  the  relative 
particle  densities  as  solutiofs  for  Eq  (40). 

Finally/  Row  433  calculates  the  sum  of  the  relative 
number  densities  and  rows  436  through  509  calculate  the 
actual  number  of  particles  for  each  (|/i7/£)  cooroinate 
within  the  7x7x7  grid  modeled  by  the  spreadsheet. 


115 


^  ^  ^ 

^  ^  ^  ^  ^  ^ 
N  N  N  N  r<.  K 


^ «« • 

■^  «  m 

9  U  O 

J  ^  w  I 

I  u.in  I 

It  to  ^ 

a  < 

t  r-*  O 

r  o  ^  O 
4  •>«  in  ^ 

a  .*9  CD  3  I 
4  VJ  ♦  1-1 


I  I  I  3  t 

Ci  ✓ 


I  I  t  3  t 
X  >•  w 


u  u  M  m  m  wt 

MflM  OOO 

• • •  mmm 

tn  mtnin  •  •  • 

CO  OOO  inm^ 

•  lit  OOO 

I  I  I 


w ^ #4 la ^ cu  4^  ^ fU n 
KAjOLt  ft.oou:r(bo^  Aia*to 
«  01«  y'  t  d3t  Qfnt0fUBt09* 

cn  »  cnints.«iiDno 

m  o n  J*  n -*  fw  fl  O  N  10  cn 

o  'OO  0*^0  -  •  ‘WcnN*-* 

t^rv«4w  •-tcDwNa*cu«  •  .  • 
t  I  t3l33t3w3i  t  lonia*Nt  I  I 
y  <«'>'Wwwt.«>^l^wwww«>4wv^ww>'X’  ^  . 


OilMVIWilM 

MeaSomno 

ni  (u  (u  fu  fu  oj  fu 

W  04  04  ^  04  ^ 

M  M  «  M  VI  M  M 

aaBaancom 

W  W  W  W  W  W  «i^ 

I  I  I  I  I  I  I 
ID  to  (D  to  10  to  U3 

nj  Aj  fu  (u  (u  fu  cu 

M  MW  W  VI  VIM 

ID  n  CD  O  OB  BO  CD 

M  VI  VI  VI  M  «  M 

w  w  w  w  w  w 

totomtotototoii. 


ODDBBUfDiOaar-i 

WVIVIVIVIVIMO 

Vnn.*vs»n.V.«-4 

'-''y'WwwWWW^UJ 


intoto^Nai(DoQ9ocn0)Oio)Oioooo 

a<acvB<aa(joui«atJat«i<oaua 


oo^«4a*intniotocs.KNtstvNNKocDo(DBDa)0)tnnno)mo)tn^ 

ojfflcycyairucucucufu^ycucurunjoifufutuojfufufurunifuojcutufufur) 

aiii<a<<Ba<fD<cauoi»ib.c)xnuc3utikt9xcDuaujit.cox< 


•  I 

O  u  O  I 
-•  0  «i  O  I 
3  N  w  to  I 


C  I  o 

3  0  'O 

410  -4  I 

*  b  O  O  4^ 

*i  t  « O  U 

-4  ^  r4  O.  O  41 

310  0«4«0  O  C  DO 

CO  >  O DO  D^4i«^ 


u  r 
to 
o 

m  >c  c  o  4> 

3  t  X  D  X 

oc  rj 

I  n  10  m 

I  C  O  O  <-4  O 

I  *-•  04  04tnm4 


v^«<%>^«C3'*wO^UXUI3lil|w  3  3*3 

X  O  •  s  O  •  ut  s  04  •  •  s  X  y  ^  ^  •  •  OOw<^wNw 


OV^O 
^  ^  10 
03X3 
4  u»  4  w 


U 

^  *  Ox 

o  ea 

n  m  w  n  O 

o  to  O  •-• 

Z»40«-ilD 
3  U  3  I 

to  4J  O  1.4 
o 


3  3  IS 

l-l  l\J  O  4 


. . . o  o  ^  nj  CD  rn  cn 

«^^^^(U(VinjcuAjcu(\jcunnincnnmnfnB*7*9*xa*a*3*xtoiototDts>rvooo)cn*4^.-i^<-i^»4<H 

)bju.i3X4ccouomu.(5x<cDuauibuOX<cDuouito.ox<co<D«nccDCCo<cD<(o<co<ca 


AlH:  I.U103  "l-soAmqrd  '^32:  tU103  S- 

Bll:  1-B13  032:  \- 

A15:  CU103  “2«9gm»qrd  A33;  CUIO]  "PBl 


^  ^  ^  ^  ^  ^ 


^  ^  ^ 


r> 


OOOOOOO  OOOOOOO 


l§§gglg  l§g§§§§ 


A  A  A  A  A  A  A 
^  ^  ^  ^  ^ 


w  w  w  W  W  w  w 
X  V  ^  W  V  % 
^  ^  ^  ^  ^  ^ 
Al  (U  ftl  <U  ftl  fU  Al 

•  «  •  «  «  4  4 

f*i  in  w  w  rt  in  w 

$££££££ 

mmmmmmm 

♦  ♦  ♦  ♦  ♦  4  ♦ 

ni  fu  lu  fu  III  cu  M 


^  ^  ^  ^  ^  ^  ^ 
^  ^  ^  ^  ^  ^  ^ 


X  >»  w  X  X  X 
^  ^  ^  ^  ^ 
m  M  lu  fU  AIIU  (U 

«  4  •  4  «  4  « 

Ti»Tfi*TT 

£££££££ 

»  «  «l  «  «  91  •> 

♦  ♦♦♦♦♦♦ 
M  Al  lU  lU  AIIU  AJ 


OOOOOOO  OOOOOOO  OOOOOOO 


A  A  A  A  A  A  A 
^  ^  A  ^  /N 
^  ^  ^  ^  ^ 


N  ^  ^  N  X  X.  X. 

^  A  ^  ^  ^  ^ 

A|  ru  lu  AJ  Af  fU  lu 

4  4  4  4  *  4  4 

in  in  tf)  in  lA  tn  10 

£££££££ 

M  M  M  «  91  W  « 

♦  ♦  ♦  ♦  ♦  4  ♦ 

AJ  fU  AJ  AJ  Al  (U  Al 


9  •  I  I  •  I 

A  A  A  A  A  A  A 
^  ^  ^  ^  ^  ^  ^ 
^  ^  ^  ^  ^ 


4  W  W  W  W  W  W 

N*  S*  V  X.  V  V  V 
^  ^  ^  ^ 
Al  Al  AJ  Al  Ai  lU  AJ 

4  4*4*44 

O  (0  to  O  ID  10  ID 

£££££££ 
9I9IMM9I9I9I 
4  4  4  4  V  4  4 
Al  Al  Al  AJ  Al  Al  AJ 


A  A  A  A  A  A  A 
^  ^  ^  ^  ^  ^  ^ 
^  ^  4^  ^ 


>-4  W  W  W  W  W  W 
N  V  V  X  'V  V  V 

4^  /%  «  /%  4%  #>^  /^ 

Al  Al  Al  Al  Al  Al  Al 

*  *  4  •  *  4  * 

N  N  N  N  N  N  N 

£££££££ 
91  91  M  91  il  99  M 
4  4  4  4  4  4  4 
Al  Al  Al  Al  AJ  AJ  Al 


O  O  O  Q  O  O 

ooopoo 
Aim  AJ  turn  Al 

I  t  I  I  I  I 

A  A  A  A  A  A 
4*^  ^  ^  ^ 

>  4^  ^  « 


8§8§8§ 
w  W  W  W  w  w 
X  X  N  V  ^  V 

^  4^  4^  ^  ^  4^ 

niAjnjAl  Al  Al 

4  4  4  I  4  • 

O  ^B  ^B  ^B 

££££££ 
91  91  91  91  M  91 
4  4  4  4  *4 
Al  Al  AJ  AJ  Al  Ai 


4 

Al 

»« 

sani 


N 

m  m  ri 
9IM9I 
UObl 
4  4  4 
Al  AJ  Al 

4  4  4 

o  m  0) 


N  K 

8S 

AJ  Al 


010) 

_ 88 

*  ouaujbuo 


888! 


N  fv  N 

m  m  o) 

«55 

N  Al  AIAJ 

8in|n<n 

8888 

*  n  u  a 


O^WW«^WW«>^ 


‘  I  I  3  r 

4*4  -44  Ul  » 


U.fa.U. 

See 


U.U.( 

Mm* 

eei 


O  W  W  W  4 

U.  U.  U.  I 

3  M  M  M  • 

4^  e  e  0  < 


N  N 

m  n 

o  w 
4  4 
Al  Al 

n  0) 

Al  AJ 
I  M  91 
I  U  Ul 

4  w  w  W  w  w 
4  V4  w  n  W  W  W  w  « 


n  tn 

«  « 

9f 

AIAJ 
4  4 
0)0 
AIAJ 


N  Al 
Al« 

w  m 

a  AJ 

m  m 

4  m 


N  N  K 
0  0  0 

009 

9uOX 

i  ♦  ♦ 

AJ  AiniK 
4  «  4  AJ 
000)91 
AJ  AI0UI 

0  0  0  0 

U.  O  X  4 


00 

88 

4  ♦ 

0  01 

00 

00 

50 

0  U 


N 

00 
0  0 

DM 
4  4 
00 
4  4 
00 
0ti 


4  W  w  w  w  w  « 


N 

0 

0 

X 

4 

0N 

In  8 

0  w 

0  0 

X  4 


N  N 
0  0 

0  0 

y? 

00 


N  N 
0  0 

0  0 

OX 
4  4 
00 


I  0 
10 

.  ..  .1  0  «•  «•  «• 

O  u  O  u  O  X 


00  c 
0  0  r 


0  0 
0  0 


N  N  N 
0  0  0 

000 

o  u  a 

4  4  4 

000 

1  «  ( 

0  0  0 
0  0  0 
0  0  0 

O  U  O 


U.  U. 

5S 


2j: 

8  0 


U.  u. 
0  0 


w  w  »-* 
W4^0 
U.  U.  #4 
mm3 

00CJ 


W  w  • 
W  V4 

U,tu 

M 

00 


U.lt. 

00 


ulS 

£3 


4  w  ^ 

'  W 

.  b.  U. 


.  b.  M. 
I  0  0 


N  fs.  N 
0  0  0 

0  0  0 

bltco 
4  4  4 
000 

0  0  0 
0  0  0 

0  0  0 

0  b.  0 

WWW 
W  W 


*  ^  ^  M  ^ 

0 

o 


0  0 


0 

3- 

m 

0 

* 

0 

N 

0 


0  N  0 
•  0  « 
0  0  0 
0X0 
0  0  0 
X  4  0 
w  w 
w  w 

w  O 

b.  M  U. 


b. 

0000000u0000000iLi0 


3*3*3*00000000(O00(O0(Q0lONNNNNNNNOeaoOOO0000000000OOOOOOOO4-«4^ 

000000in000000in000in000000000000000in000000000tOtOlOtOtOU)U)U)(OlC 

b.OX<QL)QbJb.l9X<0ua0U.OX<0UOblWOXC0tjab)h.tbx<£ntJObih.OXC0UC30b»U)X<n 


4%  ^  ^  ^  4^  4-» 

4^  4<«  4%  /iS 

00011)000 
0000000 

0000000 

0uaiim.ox 

9  •  9  •  •  •  • 

0  0  01  0  0  0  0 

9000000 

0000000 

WWWWWWW  ■ 

4444444  z 

2000J22C  0  3*  0  to  N  o  00 

0000000  3*  y*  3*  3*  3*  3*  3*® 

S8SSSSS  S  S  $  S  8  S 

^  m  m  m  91  m  m  m 

nj  w  w  w  w  (u  (u  Al (u  ^  cu  ^  (U  >-s  lU  -4 

n  •«•§•%•_  wnwmwmwniinwnwm  o 

4  OMlJ0OWtUWh»MOlllXMO 

M  to  to  to  o  0  0  (0  (k  I  0  5  0  O  0  O  0  O  0  O  0  O  0  0  jj  I 

m  #v  ..  ♦  0  ♦  0  4  0  4  0  4  0  4  0  4  0-  ✓ 

ONN^NNNN  0000000  •>»  s,  v  >,»  V  S.  N,  Nf^KNNNN 

'•  A?  AJ  S  AJ  W  0  Al  O  O  O  O  O  O  O  n  m  in  0  0  n  0  m  0  r-i  m  n  m  ^  m  AJ  0  Al  AJ  Al  AJ  Ai 

(U0000000  0000000OO  O0O0O0O0O0O0O0OO  0000000 

O0000000I  I  I  li  I  I^*>4^«-(<hm^33|3030303030303«|33I0«Im0«0$||  t  1  1 
♦  ♦  ♦  ♦  ♦  4  4  ♦  •<>>'44<A44i4^XX’WWWWWWWl^W«4’WW«i.*W*-^WWWlWW«iJWWWLJLJ444  ♦  4  ♦  ♦  ♦  4  ^  ^  ^  y 

CMi2SSiS!filGiGiSiSSlSSSSi2C:!i:^:6:!i!i*!i:29o?!i*^^^'^to®io^*»^®ow0*^AiAjn.’nnn(nnnrr^:r 

<n^0rir)»nD^0DnPl0D00000nAinn3*3*3*3*3*^3*3*3*3*3*3*3*3*3*3*01/lt/l0t/>l/100lfltnihlill/)m 

oouabib.oxoua0u.oxouatuu.ox<<o<o<o<o<Q<o<Q<0<%Ba!uabJtLoxouauj 


119 


S, 


o  o 


o  o 


«  <» 
o  o 


A 


«  o  ^  ^ 


^  rs  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  CC 

/HM  !22 

«4«4  «>4^W*4^M«4  v4fp4«4«>«*4«4W  MM 


§  §  §  S  §  8  §  S  §  8  §  §  §  8  8  8  8  8  8  8  8 

5w  wSwwwww  wwwwwww  wwwww 


m 

8 


« 

01 

♦ 


19 

♦ 


O 

O 

01 

o 

w 

I 

v.^ 

a. 

K 

Ul 

tl 

N 


0 

0 

0 

A 

0 

0 

0 

0 

A 

0 

0 

0 

A 

0 

0 

0 

0 

r\ 

0 

A 

0 

rs 

0 

/H 

0 

0 

0 

0 

« 

0 

t 

f*l 

« 

0 

0 

« 

0 

« 

0 

« 

0 

4 

0 

< 

0* 

4 

r 

r 

r 

0* 

I* 

£ 

B 

in 

In 

In 

g 

tn 

O 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

O 

u 

o 

*4 

«>< 

#4 

04 

B 

B 

B 

B 

B 

B 

a 

B 

a 

a 

a 

a 

B 

B 

a 

B 

a 

B 

B 

B 

w 

01 

01 

P 

P 

P 

P 

p 

P 

p 

p 

p 

p 

P 

P 

p 

P 

p 

P 

P 

4 

♦ 

4 

4 

4 

4 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a 

0 

0 

(0 

0 

yi 

10 

to 

B 

to 

8 

8 

X 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

0) 

B 

m 

0) 

01 

0) 

01 

g 

i 

s 

P 

0 

P 

Iw 

P 

Q 

P 

X 

S 

P 

u 

8 

8 

P 

0 

P 

9 

P 

X 

8 

p 

u 

8 

P 

0 

P 

0 

p 

19 

♦ 

0 

0 

0 

♦ 

0 

♦ 

0 

< 

0 

T 

0 

4 

0 

4 

0 

T 

0 

4 

0 

4 

0 

4 

0 

4 

0 

4 

0 

4 

0 

♦ 

0 

4 

0 

0 

4 

0 

4 

0 

0 

B 

0 

o 

o 

B 

B 

B 

B 

B 

B 

B 

s 

S 

8 

8 

8 

8 

8 

8 

B 

0 

0 

0 

fi 

B 

B 

B 

B 

B 

U 

01 

8 

01 

p 

p 

p 

p 

P 

p 

P 

p 

P 

P 

P 

P 

P 

P 

P 

P 

P 

X 

pa 

U 

o 

0 

0 

C9 

X 

fla 

a 

a 

0 

0 

O 

X 

B 

U 

Q 

w 

w 

w 

w 

w 

W 

w 

w 

w 

w 

w 

w 

w 

w 

Y 

1 

w 

w 

w 

w 

w 

w 

w 

w 

w 

0 

0. 

tu 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

e  N 

ei 

B 

B 

e 

B 

B 

BN 

B 

B 

B 

B 

B 

B 

BN 

B 

B 

B 

B 

B 

• 

•  0 

• 

$ 

• 

0 

• 

• 

•  0 

N  M 

fN. 

N 

fs. 

N 

K  m 

N 

N 

N 

N 

N 

N 

N  P 

N 

N 

N 

N 

••« 

•-I 

04 

w 

04  Ul 

r4 

in  M 

01 

01 

w 

P 

P 

P 

P  P 

P 

P 

P 

P 

P 

P 

P  P 

P 

P 

CO 

B 

CD 

a 

a  4 

03 

n 

0 

B 

o 

m 

m  4 

B 

B 

01 

¥t 

01 

P 

P 

P 

p 

p 

P 

p 

P 

P 

p 

p 

p 

P 

P 

•  r-i 

•>4 

«tO 

r4 

4^ 

«>4 

04 

^o 

04 

04 

04 

04 

1 

1 

t 

t 

t 

t 

1 

•  «>4 

01 

B 

B 

B 

B 

B 

B3 

to 

to 

to 

to 

a 

to 

(03 

N 

N 

N 

N 

N 

•H 

«>« 

04 

CJ 

04 

04 

#4 

04 

04 

04 

04 

04 

04 

,  X  .. 

«.  CD 

••  U 

..a 

..  Ul 

*•  0 

..  n 

..  X  «• 

..a 

•«u 

••a 

..0 

•4  0 

•.19  • 

•  X  *• 

..  a 

••  u 

.*  o 

•  •  0 

.  wffiCDwi 

P" 

B  w  ffl  I 

P-! 

P“! 

py!« 

0^^ 

0  y 

w  «  y  1 

^  w  cn  V  01  o 

Q  y  < 

Zr! 

^  s 

in 

o 


♦ 

ftj 

(0 

01 

01 

X 

♦ 

fU 

ID 

m 


flu 

X 

u 

ei  N 

•  (U 

N  01 
M  U. 
M  01 
O  ♦ 


01 

8 


lU 

s 

a 

01 

♦ 

(U 

(0 

01 

01 

0 

•f 

0 

o 

o 

01 

o 

w 

I 


♦ 

0 

lo 

0 

01 

u 

4> 

0 

ID 

O 

01 

U 

v.^ 

I 

w 

CL 

X 

0 

tS) 

N 


0*00*0*00*0*  0*000*0*00  ooooooo 

liliilf  s^iiii  f  Iff  III 

AAAaAaA  aaaaaaa  AAAaAAA 

.8888888  8888388  8888888 

WwWwW^W  wwwwww^  www^w^w 
>»V>.>»XXX  >,>fcXXXV>»  XXXXXXX 

0000000  0000000  0000000 


«  «  « 


«  «  • 


88S8S88 

N  N  N  N  N  N  N 

popoqpp 

8888889 

BBBBBBB 

BBBBBBB 

PPPPPPP 

»  *  4  *  4  4  4 

PPPPPPP 

4  4  4  4  4  4  4 

PPPPPPP 

4  4  4  4  4  4  4 

0000000 
"  as '  ” 


fs.  rs.  fs  |v  N 

m  f-i  0  0  0  0  0 

O  O  W  W  «9  «  «* 

^  ^  O  U  O  U2  U. 

3  3  I  01  «•  01  M  W 


rv  N 
0  0 


19  X 

m  m 
♦  ♦ 


04 

0 

0 

0 

0 

0 

* 

0 

<s 

04 

04 

0\ 

04 

04 

«>4 

P 

P 

P 

P 

P 

9 

& 

9 

(9 

(9 

P 

P 

P 

P 

P 

w 

w 

w 

w 

v 

s. 

N 

N. 

0^ 

0\ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

04 

04 

04 

«H 

••4 

s 

B 

B 

B 

a 

p 

P 

P 

P 

p 

4 

4 

4 

4 

4 

0 

0 

0 

0 

0 

B 

B 

to 

B 

to 

B 

01 

01 

0) 

0) 

P 

P 

p 

P 

p 

B 

U 

a 

0 

0 

4 

4 

4 

4 

4 

0 

0 

0 

0 

0 

B 

B 

B 

B 

(0 

B 

B 

B 

ID 

CD 

P 

P 

P 

P 

P 

01 

U 

O 

0 

0 

sy 

w 

1 

w 

1 

1 

^./ 

w 

w 

0 

0 

0 

0 

0 

X 

X 

X 

X 

X 

0 

0 

0 

0 

0 

N 

B 

(9 

B 

ei 

ei 

0 

• 

• 

• 

• 

• 

P 

N 

N 

N 

N 

N 

B 

04 

04 

04 

P 

P 

P 

P 

P 

P 

4 

B 

m 

B 

a 

a 

P 

p 

P 

p 

p 

n 

• 

0 

04 

04 

04 

•H 

f-i 

1 

1 

1 

f 

1 

1  3 

r 

r 

T 

T 

T 

^  liU 

«-4 

04 

04 

04 

04 

..  B 

..  u 

•  a 

..  UJ 

..  u. 

a)oooa)0(D(DO)Oio)0)oio)o)oioooooooO(no*^uiuiuiuii/)tni/i 

^^^^^^^•^^^^^•H«^«-4«H(giXic\|000000000000000 


^}U1U)U)t0lDt0*^t>•*>«'Nw^wwrsw^sw> 

f\J00000000U.0U.(UU.0U.|\jU. 


<auouju.oxcauouiu.c9X<auakiu.c9X<coouauu>c9XBUauiu.(9x<neJU0a0Ujejb.&j 


6157 


0131:  B133:  C-a.366H077E-0S»Da)-*G‘i 

0IF(DllB-l.SBS17»QEXP(-{DS8B-2*DS9B*a*lBlOB‘a)/(SGSl)),OJ  AlIB:  CW103  ‘PI 


n  o 

•  4  w 

.QO. 

at 

•  NN  N  N 

I  r  r-i  nj  fu  oj  AJ 

•  o  a  u  Q  ui 

I  3  «  M  M  W 

I  Ci  ♦  ♦  4  4 


N  N  N 

»»» 

U.  C9  X 

M  «  «  t 

4  4  4  -^ 


^  ^  ^  /S  ^ 

^  ^ 

a  tfi  ui  lA  tfi  tf»  tn 
Ti*TS*Ti*i* 

^  ^  *4 

aWMMIAilW 

^  ^oQ^ax 

^  #4  W  M  ^ 
^  #4  ^  «4  ^  *4  *4 

sssas&s 

frrrrrr 

Al  At  Al  lU  (U  lU  cu 

^  <4  «4  «4  r4  «4  *4 

aMMWMMfl 
aaaaao 

w  w  W  W  W  w  w 

I  I  1  I  I  I  I 
j  S*  2  J*  3* 
5*  3*  3*  3*  3*  3*  3* 
«4  ^  ^  W  ^  «4  #4 

assssss 


W  W  w  w  ^  w  w 


(0(010(0(0  (0(0  flu  I 


t  *4 

^ _ _  O  N  (V  N  K  N  N  N 

aaaQaoomo  r-i  t  (u  a  a  ai  aj  nj  aj 
(0M(A(A(0M(0OO  OAtMMMMWMM 
^  N.  N. 'vv #4  *4  w,4auQttJb.lQX 
^«m««4«4^w«433|  aoiAflIfliViKilfll 


^  ^  ^  ^ 
o  «  ^  ^  ^ 

n  m  CA  r>fn  rn 
(ntnmininin 

*4  #4  ^  *4  *4  r4 

nuabi(«.(9 

•  ^4  •  •  •  • 

a  01  a  (F)  (0  in 

m  m  m  m  m  m 
aoaaacc 
mmmmmm 

W  W  W  W  W 

•  4  ♦  4  4  4 
^  »4  ^  »4  *4  *4 

ui(n(/itA(Ain 

^  *4  ^  ^  ^  *4 

M  M  «  (0  (A  M 

aoaano 

M  «  «  M  M  m 

W  W  W  W  W  W 

•  •  •  fl  •  • 

/4  rs 

(0  (0  1C  (0  (0  (0 

^  ^  *4  ^  ^  ^ 

W  M  (0  M  (A  w 

n  o  n  om  a 

M  (A  (A  M  M  W 

X  N»  S.  'V  N.  S. 


-'>'->^X'-.*^-^ww>4wwwwuUy»04  4  4  4  4  4  4  4 


a(*i^3*t/i(oi/)i/)tnin(n(naa(0(0(0(oat>>Nt'‘NNNN(noo'4^(n(n(n(nn(nA)3*3*3*3*3*3*3*uiuiinin4/iui 

r3*^3*s*3*3'3*3*3*j*3'3*3*s*3*3*3*3*3*3*y3*i*3*3*3*i0(nui(ni/>inifluiinifli/ii/iinun/iininini/>(ninininin 

<a<a<auQ(ij(«.(9xa(jaii4i4.(9xa(ja(u(A.ax<<a<oatjO(u(<.t9Xo(joujtt.(£«xa(jOLj(*.u3 


^  ^  ^  ^  ^  ^ 


o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

O 

o 

o 

o 

o 

o 

o 

A 

A 

«4 

«4 

#4 

«4 

«4 

«4 

*4 

w 

#4 

<4 

•4 

•4 

«4 

<4 

•4 

(A 

(A 

«« 

(A 

(A 

VI 

VI 

w 

VI 

(A 

(A 

(A 

(A 

VI 

w 

a 

a 

a 

a 

§ 

(9 

9 

9 

9 

(9 

9 

9 

(9 

(9 

(9 

(9 

(9 

a 

a 

a 

a 

(A 

ii 

(A 

VI 

VI 

VI 

VI 

m 

m 

VI 

VI 

(A 

VI 

(A 

m 

a 

a 

a 

V/ 

ViF 

w 

w 

w 

w 

w 

\/ 

w 

\.F 

w 

w 

w 

N. 

>w 

V 

V 

N 

>• 

V 

N. 

N, 

% 

>» 

N, 

s. 

N» 

N, 

N 

>• 

4% 

AJ 

AJ 

(U 

AJ 

Al 

Al 

Al 

Al 

Al 

AJ 

Al 

Al 

AJ 

a 

a 

a 

a 

a 

a 

(0 

a 

(0 

N 

N 

N 

N 

N 

N 

N 

O 

b 

a 

b 

a 

a 

a 

o 

O 

o 

O 

O 

O 

a 

O 

O 

o 

O 

O 

o 

o 

o 

o 

o 

o 

w 

•4 

«4 

v4 

•4 

•4 

v4 

p4 

w4 

a 

a 

a 

OB 

a 

a 

o 

a 

a 

a 

a 

a 

a 

Al 

a 

a 

a 

a 

(A 

iA 

VI 

VI 

VI 

VI 

VI 

VI 

(A 

(A 

(A 

VI 

m 

VI 

(A 

a 

a 

a 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

(U 

Al 

Al 

AJ 

Al 

Al 

Al 

Al 

AJ 

Al 

Al 

Al 

a 

a 

a 

a 

a 

a 

(0 

(0 

(0 

(0 

b 

(0 

(0 

9 

(0 

(0 

b 

(0 

b 

a 

b 

a 

a 

a 

01 

01 

(D 

(n 

01 

0) 

01 

8 

01 

01 

01 

01 

9 

a 

a 

a 

a 

a 

M 

M 

VI 

VI 

(A 

VI 

VI 

VI 

VI 

(A 

VI 

VI 

a 

VI 

a 

a 

a 

a 

(U 

(u 

(9 

X 

.a 

u 

o 

u 

u. 

(9 

X 

o 

u 

a 

UJ 

k* 

a 

X 

» 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

(U 

Al 

A) 

Al 

AJ 

AJ 

Al 

Al 

Al 

Al 

AJ 

Al 

a 

a 

a 

a 

a 

a 

(0 

O 

b 

O 

O 

m 

b 

O 

S 

O 

9 

b 

b 

a 

a 

a 

a 

a 

o 

m 

o 

O 

O 

8 

o 

o 

9 

O 

9 

n 

a 

a 

a 

a 

a 

a 

(A 

(A 

VI 

VI 

VI 

VI 

VI 

(A 

(A 

VI 

VI 

VI 

VI 

•1 

a 

a 

a 

a 

lU 

(i. 

(9 

X 

m 

u 

a 

U 

U. 

(9 

X 

a 

u 

a 

Ui 

U. 

a 

X 

w 

y 

w 

w 

w 

w 

w 

w 

w 

w 

w 

Y 

w 

w 

w 

w 

w 

w 

s/ 

w 

0. 

0. 

0. 

flu 

flu 

CL 

A. 

0. 

0. 

0. 

flu 

flu 

(L 

a 

a. 

0. 

A. 

K 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

tJ 

lil 

UJ 

U1 

lij 

Ul 

Ul 

bJ 

IaI 

U 

UJ 

(4 

u 

(U 

Ul 

Ui 

a 

a 

ei 

ei 

ei 

ON 

o 

o 

o 

O 

o 

o 

O  N 

« 

o 

w 

o 

o 

w 

o 

fm. 

f 

•  Al 

• 

• 

• 

f 

• 

•  AJ 

• 

• 

f 

t 

V 

» 

• 

N 

N  (A 

N 

N 

N 

N 

N 

N 

N  (A 

N 

N 

N 

N 

N 

N 

N 

«4 

•4  (D 

r4 

t4 

v4 

<>4 

«>4 

^  X 

•4 

r4 

•4 

(A 

(A 

M 

IA  VI 

VI 

VI 

A> 

VI 

VI 

(A 

(A  VI 

IA 

M 

(A 

a 

a 

a 

a  1 

O 

O 

a 

a  4 

a 

a 

O 

a 

a 

O 

a  4 

a 

a 

a 

a 

a 

ca 

a 

y 

(A 

(A 

(A 

(A 

VI 

VI 

VI 

VI 

(A 

(A 

(A 

VI 

(A 

VI 

a 

a 

a 

a 

• 

• 

• 

•  r^ 

“ 

• 

• 

• 

• 

- 

*n 

• 

• 

• 

* 

• 

•. 

•  r» 

•4 

•4  O 

•4 

•40 

•4 

•4 

•4 

-4  o 

o 

1 

1  ^ 

r 

1 

1 

1 

1 

1 

t  «4 

• 

1 

• 

t 

1 

1 

C  >4 

O 

o 

O 

O  3 

01 

0) 

0) 

01 

01 

01 

01  3 

o 

o 

o 

o 

o 

o 

0  3  11 

1  1  1  1  1  3  1 

^  Ul 

«4 

«4 

•4 

•4  w 

Al 

a 

a 

a 

a 

a 

a  tj  ^  ✓ 

^  4^  y  y  ^  \u  ^ 

r4 

•4 

•4 

*4 

•4 

•4 

•4 

«4 

UJ 

-u.  •• 

(9  •< 

X  ••  •■ 

a 

..u  • 

.  Q  . 

Ul  •• 

(A.  .. 

(9 

..  X  •.  • 

•  a  • 

.  u  < 

..  o  . 

.  kj  . 

.  u.  .. 

a 

..  . . 

w 

^  w  ^ 

'4  *4 

w  (U  Al 

w 

Al  w  (U  ^  A 

J«,H 

w  AJ 

w 

a'45*3*3*j*yj*xJ'aaNNa 

uieib.e>(9Gix6i<a8iueioeiweibL.eiaeix(y<(>0(jaaeiti)eiifee;t9eix&'ca(jauj(A.(3x«m<a< 


121 


47*2'K:siss'e''sai63‘e)/(S8siJ)>-200.0,i) 


^  ^  ^  ^ 


^  ^  ^  /H  ^  ^  ^  ^  ^ 


aoooo  ooooooo  ooooooo  ooooooo  ooooooo 


ififf 

AaAaA  aaaaaaa 

sills  Issssss 


AAAAAAA 
^  ^  ^  ^  ^ 

^  ^  <A  <A  /N  ^ 

*4  W 

•IMMMMMM 


ftiiuftltu  AJ 

«  <  4  «  ( 

w  n  Win  w 
(DtPIOtOW 

^  ^  W  «4  ^ 

MOIB0M 

mmmmm 

♦  ♦  ♦  ♦  ♦ 

fUfU(U(U(U 

intntAinifl 

tfiininmin 

^  «*4 

WMIIIMM 

a  kite,  tax 
♦  ♦  ♦  T  ♦ 
fUftiniAini 


w  w  W  W  W  w  w 
•v  N.  X  ^  N  X 
^  ^  ^  ^  ^ 
fU  lU  Al  fu  (U  AifU 

TT3**iS*i»TT 

to  u3  <0  (0  (0  m  10 
^  ^  ^  ^ 
naan And 
«il«M»  w« 
4  ♦  ♦  ♦  ♦  4  ♦ 

AJ  <u  (u  (u  lu  ru  fti 

tn  in  ui  [n  m  t/i  tn 
in  tn  tn  tn  tn  tn  tn 

^  V4  *4  ^  #4  *4 

AUoSkiSx 

4  4  4  4  4  4  4 

A  lU  fu  A  fU  Ai  fJ 


w  w  w  w  w  w  w 
X  Vs  X  N»  % 
^  ^  ^  ^  /s  ^  ^ 

M  M  ni  Al  M  Ai  Al 


SiSSiil 

•  tiiiii  tfiiiti 

AAAAAAA  AAAAAAA 
A  ^  «S  /N  ^ 

WWMMaiIMM  «  M  M  M  M  M  M 

8S8S8S8  8888888 

wwwwwww  wwwwwww 
S»SfcNS,NX*'4»  S.S.*S’SSkN»% 

(UIUAIIUAIAIAI  mmiuaimajai 

ui  in  in  in  tn  in  tn  to  to  to  to  to  to  to 

AQtttOAlOA  AdtOAwtttO 

«4v4«*4«4#4«^*4 

MMMMAAA  SaOAAAn 

wmwmwmm 

4444444  4444444 

AlAlOlftlAltUAI  AAirUAAinifU 

tn  in  A  in  in  in  (A  in  tn  tn  in  in  in  in 
ininininvitntn  inintnmtninin 

WMflWt^inW 

mUQtolluOX  XtJa]elU.COX 
4444444  4444444 

fu  nj  ru  AJ  Af  fu  fu  ai  aj  ai  at  ru  ni  ai 


MfladaBmoi  A 
A  W  M  A  «  A  A 

4  4  4  4  4  4  4 

At  At  At  At  At  ai  Al 

in  in  tn  in  in  in  in 
in  in  in  in  VI  tn  tn 

^  W  ^  ^ 

AAAAAAA 

mpOtolluOX 

4444444 

AJ  AJ  ru  AJ  Af  AJ  Al 


AAAAAAA 
^  ^  ^  ^  ^ 
<S  ^  /s  « 
^  #4  W  04  9^  0^  ^ 

8388888 

wwwwwww 
s»  w  s.  V  V  s. 

^  ^  ^  A  AAA 

AJ  AJ  AJ  AJ  AJ  AJ  AJ 

Is  N  1^  N  N  N  N 
10  to  CO  to  10  (0  10 

W  *4  •H  r<  «»4 

M  B  flD  a  A  »  B 
AAAAAAA 

4444444 

At  AJ  Ai  AJ  Al  AJ  ru 

tn  tn  in  tn  in  ;n  tn 
tn  tn  in  in  tn  tn  VI 

^  r4  W  ^ 

AAAAAAA 

10  U  Q  tU  U.  B  X 

444444  » 
Al  ru  AJ  Al  AJ  AIAJ 


N  Js  N  N 
T  TT  TT 


AJNt^NN.NNN 
mT  T  T  TV  T  -r 


aiNNrvNNNtsr 
mV  rTTTTTX 

lla  04  0^  04  ^  ^  04  04  ( 


iNNNN^^Nf 


uakitstox 

W  W  w  w  W  w 
w  w  w 

W  w  w  w  w 
u.  t*.  ti.  b.  k.  tu 

5SSSSS 


4  auabiu.t3x 

WWW  W  W  W  w 

mwwwwwww 

Owwwwwww 

•^U.U.buk.lt*libk* 

cjeaeettieiB 


4  BtjakJk.{9X 

wwwwwww 

rswwwwwww 

Qwwwwwww 

wU.b.tsk.k.k.1^ 

wSSSSZSb 


4  iauakJk.BX  4  B 

WWWWWWW  w 
«>>wwwwwww«-»w 
QwwwwwwwQw 
«>«k.b»U.k.k»k.a.4Hk. 

uiBeir^ejersifiiwei 


N  N  N  N  N  N 
T  T  T  T  TV  O 
04  ^  04  04  04  ^  C 
A  A  A  A  A  A  X  t 

UOUlWtOX*  ^ 
w  w  w  w  w  w 


wwwwww  NtsNNNNN 

wwwwwwmn  AjmiuruAJAiru 
wwwwwwOO  AAAAAAA 
U.Ulwli.k«b.f.  muOkltbOX 

M  M  M  ^  3  3  I  A  A  A  A  A  A  A  I  !  I  I  1 
eisieiBeieiww^4  4  4  4  4  4  4  ^  y  ^  ^ 


tntntnintntnioioto(OtatotoiONn*^NrsNrvr.  BfflOBBBBBn)ino)iJ)inP»ininAjn>in3*9*3*^:»*rv*tnintnintn 

(Sfsfsrsr.  ^.^.N(s^-^.^»^.fs^.^»^.fscvfs.|KNrsNts^«^»^>.CsNNNN^>  NNh  isoOoOcoaiDOOOBCDlDaJID 

UaiiJb.C9X<a|jataU.BX<BUakt(sCOX<BUakJU.(9X<a*jOk|WtOX<CBBUQkib.t9XBLlOblk. 


w 

OJ 

n 

T 

tn 

• 

10  N 

to 

to 

to 

10 

10 

2  10  XI 

04 

04 

04 

04 

04  «>4  4 

< 

A 

8 

< 

A 

i 

8 

8  8" 

ooooooo  ooooooo  o 
9QSQ9Q9  900000*0*  o* 

WBWBBcuB  BruSrunjSS  S 

•  flltfl  llltlll  I 

aaaaaaa  aaaaaaa  a 

^  fS  ^  ^  r>  f%  r>  f*i,  0%  r\  rs  r\  ^ 


AAA  Al 

8888$ 
W  W  w  w  \ 
•s  % 's  N  ' 


AAAAAAA  A 

8888888  8 
wwwwwww  w 
'SS^N.'s^N.S.'S  "S 
r\ 

aj  ai  aj  ni  ninj  ru  ru 

t 


ty  ru  ru  nj  (L  fu  ai  n 

ID  ID  to  10  to  to  10  ID  ID  to  10  10  10  O 


ID  ID  ID  ID  10  ID  (0 

^  ^  ^  *4  ^  ^ 

B  B  B  B  B  B  S 

aaaaaaa 

4  4  4  4  4  4  4 

ai  ai  nj  at  aj  m  nj 

in  in  in  tn  in  in  tn 
tn  in  tn  in  in  in  tn 


BBBBBBB  B 
AAAAAAA  A 

4444444  4 

at  ai  aj  aj  nj  aj  at  aj 

tn  tn  in  tn  tn  tn  tn  tn 
tntntnintnintn  ui 


AmABABAnABAOIIAmO 
aAyAaAkJAU.AaAXA0 
text  ABABABABABASAB^J  I 

^  4A4A4A4A4A4A4A*  ✓ 

A  s.s.'svs.SfcS* 

Bnn  «stn^tnr4tnriU)f^tnri|nr^tnnn 

Aoo  oaoaoaoaoaoaoaoo 

^C0*^B«-'M^B*^B»4B«-*CD«H^ 

^33  t  3A3A3A3A3A3A3A33 
WwWXWwWwWwWwWWWWWwWW* 


4  a 

.  rs  fs  rs  w 

j  ai  01  ru  Al  n  w 

I  A  A  A  A  O  ^ 

I  kl  U.  Q  X  b. 

lAAAAl  I  I  I  I  I  I3«^ 
4  4  4  4  0^  y'  y'  0^  y-  y  i^W 


h»h«h.b.U.k.fHU.ti.lkh.U.U.b.< 

ereieiejerejwejeteieiQjejeit 


tnNOto«:j'^ryrurn(n7'nnintotbNNinoo*-i<-*<-4^r4o4r4iu(Ufururu(uru(nnn(nrn(nnn^7*r^rr':r7*'ntn 

tntnintniototototoiotOiotoiotOBtotoiarsrsrvr<«tsNrvNrsrs(sNtsNtsNtsNNr^Nr>.fNrsts>Nfvt^r»ts.fsh.tsN 

x<<a<B<B<a<a<BCB<B<<aBuahih.(9XBuabjk»ox<auauju.t9x<nuatiJk.iox<oo 


122 


o  o 


o 


/4 

/s 

A 

#s 

/s 

4S 

A 

/4 

A 

o 

/s 

A 

/s 

A 

rs 

rs 

«4 

•4 

•4 

tf4 

44 

W 

•4 

•4 

*4 

«4 

«4 

«4 

*4 

1  v4 

«4 

«4 

«4 

•4 

m 

s 

» 

a 

a 

fi 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a 

1  0 

0 

0 

0 

0 

0 

0 

0 

3 

9 

9 

fi 

9 

9 

9 

9 

s 

5 

9 

9 

9 

9 

9 

9 

>  9 

9 

9 

9 

0 

9 

0 

9 

9 

0 

ii 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

w 

w 

w 

w 

w 

S4 

w 

w 

w 

\4 

44 

w 

w 

w 

w 

w 

w 

w 

S4 

N 

S. 

S,. 

N, 

-* 

s. 

s* 

Sk 

s 

s. 

S- 

'S 

>k 

S. 

>4 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

/% 

A 

<s 

r\ 

A 

/> 

/> 

r\ 

r> 

4S 

#4 

r\ 

<s 

<s 

nj 

w 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

fU 

fU 

AI 

01 

AJ 

fU 

AJ 

X 

r 

T 

r 

0 

0 

0 

0 

0 

0 

9 

0 

IQ 

IQ 

9 

9 

9 

fs 

fs 

fs 

fs 

fs 

N 

M 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

9 

U 

0 

0 

0 

0 

0 

0 

0 

0 

«4 

w 

«4 

p4 

v4 

«4 

•4 

*4 

•4 

0 

m 

9 

0 

0 

» 

« 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

m 

m 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

♦ 

> 

♦ 

♦ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

fU 

HI 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1  fU 

fU 

fU 

AJ 

Ai 

(U 

AI 

01 

in 

Uf 

0 

0 

0 

0 

in 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

in 

in 

in 

in 

0 

0 

0 

10 

tf) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

0 

0 

0 

m4 

w4 

W 

«4 

«4 

»4 

«4 

«4 

*4 

«4 

«4 

«4 

*4 

1  *4 

#4 

*4 

.4 

*4 

m 

m 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

)  0 

0 

to 

0 

0 

0 

0 

0 

a 

Q 

to. 

3 

X 

n 

U 

s 

W 

It. 

0 

X 

U 

Q 

0 

to 

o 

X 

9 

U 

a 

u 

to 

0 

♦ 

♦ 

♦ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

ni 

fu 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

nj 

(U 

AI 

Ai 

AI 

AJ 

AJ 

N 

fs 

N 

N 

fs 

N 

N 

fs 

fs 

fs 

fs 

JN. 

fs 

N 

N 

fs 

fs 

N 

N 

fs 

N 

fs 

fs 

N 

r 

T 

r 

T 

T 

J* 

X 

r 

T 

r 

J* 

r 

T 

T 

T 

r 

X 

' 

r 

T 

T 

T 

T 

T 

T 

*4 

•4 

.4 

r-* 

.4 

«H 

W 

0-t 

w* 

r4 

p4 

.4 

H 

1  *4 

r4 

•4 

w 

.4 

S 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

U 

0 

0 

0 

0 

1  0 

0 

0 

0 

0 

0 

0 

0 

a 

u 

to. 

o 

X 

0 

U 

a 

kl 

to. 

0 

X 

9 

O 

5 

14 

to 

0 

X 

9 

U 

O 

w 

to 

0 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

*4 

Y 

w 

w 

w 

w 

\4 

S4 

w 

w 

w 

w 

w 

w 

w 

w 

s^ 

W 

w 

w 

e. 

A. 

0 

0 

0 

0 

0 

A. 

k. 

flu 

A. 

0 

ft. 

ft. 

0 

0 

to 

ft. 

ft. 

flu 

flu 

flu 

ft. 

A. 

0. 

X 

K 

X 

X 

>4 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

K 

X 

kl 

kl 

0 

kl 

0 

0 

u» 

0 

kf 

Ui 

toi 

kl 

U1 

0 

0 

u 

kl  kl 

kl 

0 

Ui 

0 

0 

0 

u 

0 

0 

0 

0 

0N 

0 

m 

0 

9 

m 

Cl 

«ts 

9 

Cl 

ai 

0 

0 

9 

0N 

Cl 

ei 

AI 

ei 

9 

(•1 

t 

t 

• 

9 

•  0 

• 

9 

• 

• 

• 

• 

•  0 

• 

• 

• 

• 

• 

• 

•  nj 

t 

• 

• 

• 

• 

• 

N 

N 

fs 

fs 

N  0 

fs 

fs 

fs 

fs 

fs 

N  0 

fs 

fs 

K 

N 

IS 

fs 

N  0 

N 

N 

N 

N 

N 

N 

«4 

*4 

»4  k. 

#4 

•4 

«4 

mS 

*4 

w 

.4 

.4 

r»x 

.4 

.4 

r4 

.4 

a 

•1 

a 

m 

a 

0 

« 

0 

m  4 

0 

a 

0 

o 

0 

a 

0 

9 

0 

9 

0 

9 

0 

9  4 

0 

9 

0 

9 

0 

9 

0 

9 

0 

03 

0 

1  9 

1  0 

9  4 

0 

9 

0 

9 

0 

9 

0 

9 

0 

9 

0 

9 

0 

e 

10 

fs 


^  o  ^  ^ 

I  «-l  I  I 

(0  3  N 

N  CJ  N  fs 


w4  Q 

•  W  • 

fs  3  o 

N  i,u  f^ 


I 

fS 

is 


«(9  'X 


•  u  ••a  .. (ij  .. 


1 

1 

1 

1  .4 

1 

1 

1 

1 

1 

1 

O 

9 

O 

93 

9 

9 

9 

9 

9 

9 

Is 

N 

fs 

fs  tJ 

fs 

IS 

f^ 

N 

N 

K 

w4 

.4 

.4 

r4 

0  • 

..  0  . 

.  0  . 

>.  X  • 

*  9  . 

.  U  i 

•.a  • 

>.  0  • 

•.to  • 

•  0 

u.o(kOiA.fDu.(Su.n(nu.ni^nu.OTii.nu.(nu.(nw0)(nu»cr>u>o)is(nk.o)tuinb-(ni<s(ninii*inu.fnu*(nu.ff)U.(nu-oi 

ouieib.0oeixef<a)ouetaeideb.0c9efzei<o0u»oouiftiu»eioefxei<neiua»Qeibjeik.euoe}x 


N 

(U 


I  I  3 
^  ^ 


/s 

44 

44 

4% 

r> 

<s 

44 

44 

4S 

44 

rs 

44 

44 

44 

rs 

4N 

4S 

O 

o 

o 

o 

o 

O 

o 

o 

P 

O 

O 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

44 

#4 

44 

44 

44 

44 

r-s 

44 

44 

4S 

44 

r 

44 

44 

44 

44 

rs 

/s 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

4S 

<4 

» 

44 

44 

44 

«4 

«4 

«4 

•4 

«4 

4* 

«4 

*4 

«4 

.4 

.4 

#4 

.4 

•4 

*4 

•4 

.4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

0 

0 

9 

9 

O 

9 

0 

9 

0 

0 

a 

9 

9 

O 

o 

(P 

IP 

n 

0 

0 

IP 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

V4 

w 

S4 

s^ 

w 

w 

>4 

w 

w 

44 

44 

44 

4^ 

4y 

w 

\.4 

w 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

S 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

44 

44 

44 

44 

44 

.4 

44 

44 

44 

44 

44 

44 

.4 

AI 

AI 

AJ 

AI 

AI 

Af 

AI 

AI 

AI 

AJ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

»4 

.4 

.4 

.4 

«4 

fV 

<v 

ru 

0 

9 

0 

0 

m 

n 

9 

r» 

9 

9 

9 

J* 

T 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

ID 

w 

w4 

wA 

«4 

.4 

•4 

.4 

r4 

.4 

w 

«4 

.4 

.4 

.4 

.4 

«4 

9 

9 

m 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Af 

AI 

AI 

AJ 

AI 

AI 

Ai 

AI 

AJ 

AI 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

in 

in 

in 

0 

in 

in 

in 

0 

0 

0 

0 

0 

0 

in 

0 

0 

in 

tn 

0 

in 

0 

in 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.4 

f4 

.4 

44 

.4 

.4 

.4 

44 

.4 

.4 

.4 

.4 

.4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

u 

a 

0 

to 

O 

X 

9 

U 

a 

0 

to 

0 

X 

D 

u 

O 

0 

to 

19 

X 

9 

u 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

AJ 

AJ 

AI 

AI 

AJ 

AI 

AI 

AI 

U 

AI 

0 

w 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

fs 

fs 

N 

N 

fs 

fs 

fs 

fs 

fs 

fs 

fs 

fs 

X 

X 

N 

fv 

N 

fs 

fs 

fs 

fs 

N 

fs 

T 

T 

r 

r 

T 

T 

T 

T 

T 

r 

T 

T 

T 

r 

T 

r 

T 

T 

T 

r 

T 

T 

W 

.4 

r4 

•4 

.4 

w* 

.4 

44 

.4 

.4 

.4 

.4 

.4 

.4 

0 

0 

0 

M 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

m 

0 

9 

U 

a 

0 

to 

0 

X 

9 

u 

a 

0 

to 

0 

X 

9 

u 

n 

0 

to 

(9 

X 

9 

U 

w 

w 

w 

w 

S4 

w 

S4 

Y 

w 

44 

w 

4.4 

44 

S4 

44 

w 

Y 

•4 

w 

w 

w 

S.4 

w 

%✓ 

44 

W 

\4 

w 

0. 

ft. 

o. 

ft. 

fl. 

fl. 

flu 

0. 

ft. 

0. 

a 

ft. 

OL 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

K 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

kl 

0 

0 

UJ 

0 

0 

0 

0 

o 

ei 

ei 

Cl 

Cl 

0 

0N 

9 

0 

O 

0 

0 

0 

0  N 

0 

0 

0 

0 

0 

0 

0  fs 

0 

0 

• 

t 

• 

• 

• 

• 

•  AI 

• 

4 

• 

• 

• 

• 

t  0 

t 

• 

4 

• 

• 

• 

t  0 

• 

fs 

fs 

fs 

fs 

fs 

fs 

fs  0 

fs 

fs 

fs 

fs 

X 

N 

X  0 

N 

fs 

fs 

fs 

fs 

fs 

fs  0 

rs 

fs 

.4 

.4 

w4 

.4 

44  U 

«4 

44 

.4 

f* 

^  o 

.4 

.4 

.4 

^4 

.4  0 

0 

9 

.4 

9 

9 

9 

9 

9 

9 

0  0 

9  4 

9 

9 

9 

9 

9 

9 

0  0 

9  4 

9 

9 

9 

9 

9 

9 

9  ♦ 

9 

0 

•  r4 

•  rs 

r. 

*  rs 

*!. 

I 

n 

N 


I 

n 


^  ^  Q  ^  •M 


•  a  <•  ui  .•  k.  .*  o 


£l/)(Ol0w^w|AwU)w(Bw/tOw 

Q309li^5k.0bu3u.Sk»5bK 

t9x<a0u«a0u0i4.0c}0x 


123 


1 


u 


{ 


i 


il 


H 

— 1 


124 


ooooooo  ooooo 


«l  M  M 

8  8  8 

WWW 

N»  V 

^ 

fU  (U  Ol 

s  s  s 

8  8  8 

?  ?  ? 

flj  lU  lu 


2  I  I 

Al  fU  Al 

8  8  8 

8  8  8 

0)  u  2a 


I  i  I  I  I  8  i 


w  w  w  w 

V  %  N.  'S 

^  ^ 
lU  lU  lU  fU 


NNNNNfsN  ** 

8888888  S  ^' 

8888888. .. ....3  « 

. 8 


I  i  g 

T  ♦  ♦ 

ftj  (U  (U 

i  ^ 

fU  M  ^ 


I  t  I 

w  w  w 

a»  ••  flu 

XX  X 

1*1  u)  bi 

«l  SIN  W 

•  •  ni  • 

N  N  III  N 

W  *4  U 

M  MM  M 

0  flO  4  m 

MM  M 

•  •!-*  • 

%  t  *-l  t 


^ 

o  o  o 


ft.  a. 

X  X 
U»  UJ 
0  0N 

•  •  fU 

N  N  M 

rU  O 

M  MM 

O  0  4 

M 


M  M  M 

8  8  8 


(U  ftJ  JU 

ru  fu  o 

ru  Ai  cu 

Ai  (u  nj 

O  0  CB 

M  M  M 

4  4  4 

ru  (u  fu 

■r  T  *3* 


0  L«  a 

4  4  4 

ru  0  (u 

10  (0  10 

o  o  o 

aoj  (U 

fi 

o  u  a 


a.  ft.  0. 

XXX 

bJ  hi  UJ 

s;  ei  SI 


o  o  o 

M  M  jM 


%  % 

iwiynJ3Ci2C2 

I  o  rt  0w  p>  o  in  o 

Kl  Kl  AJ  A1  lb  nj  OJ 

I  ..  ul  ..  IS  ..  S  o  *•  U  ••  Q  ••  bJ 

:?s:¥£:¥w88ir¥s:8i:^8s:5 

!8»8SxS88ei8ai888eii 


4  ^  O  ^ 

I  I  4-4  I  I  I 

1  n  ns  £  X  >! 

1  n  n  u4  n  n  n 

j  ivi  nj  H  W  K 

.  ■•  .9  ••  X  ■■  ■■  n>  '■  u  ■■  a 

4|flWlOW^N»-4N^^^ 
•  3*W3*hB3*3*b*^N^b* 

*fU*^W*^0W*^IU*^*y*^ 

Lito0X0<(DeiL}eiPs^ 


r>  0 


OOOOOOO  ooooooo  ooooooo 


ogoQ 
o  o  a  o 

(U  lU  0  AI 

till 

A  A  A  A 

/A 


A  A  A  A  A  A  A 
^  ^  ^  ^  ^  ^  ^ 
^  ^  ^  ^  ^ 


A  A  A  A  A  A  A 
^  ^  ^  ^  ^  ^  A* 
A*  ^  A»  ^ 


A  A  A  A  A  A  A 
^  ^  #A  ^  ^  ^ 

^  /A  ^  ^  AS 


,  A  A  A  A  A 

k  AS  A  <A  A> 

S  ^  <A  AS  r> 


4  ^ 

1  M  M 

a4  a4  a4  rU  W 

a4  a4  a4  ^  ^  ^  ^  A*  ^  a4 

a4  ^  ^  ^  A*  A*  a4 

mmmmmmm 

a4  a4  ^  a4  ^  ^ 

Al  ^  r4 

319(9 

1  M  M 

8888888 

8883888  ,8888888 

ip  19  (9  (9  O  O  19 

MMMMMMM 

O  (9  P  (9  is  O  P 

MMMMMMM 

19  P  P  (9  19  O 

M  M  M  M  M  M 

w  W  S«»  w 
V  V  Ns  N 

<"A  AS  r%  <A 

ru  ni  nj  ni 

bbbo 
01  Aj  nj  fu 

aoi  01  ru 

0  o  o 

M  M  M  M 

4  ♦  4  ♦ 

OJ  AlOJOl 


w  w  w  w  « 

■V  -S  N.  X  » 
AS  AS  AS  ^  / 

01 01 0  (u  r 

^4  a4  ^4  *4  • 

ooiruor 

nJiuoifur 

omooc 

M  M  M  M  I 

4  4  4  4 

OJ  01 01  (u  r 


>*NfcV>s>sVN.  VN.N.N.'S’VN, 

01  01  cu  OJ  OJ  01  lb  0010101000 


0  <V  0  0  0  0  0 
0000000 
0000001  01 
00000(00 

M  M  M  M  M  M  M 

4  4  4  4  4  4  4 

0000000 


000000m 

0000000 

a&!2jSjS2<2§ 

O  O  0  O  0  O 
M  M  M  M  M  M  M 

4  4  4  4  4  *4 

0000000 


W  W  W  W  W  W  w 
N.  >„  N.  N.  >s  N.  >s 
^  AS  "S  AS  ^  ^  AS 
0000000 

ST  rr  Tr  r 
000000 
0000000 
oo  Old  o  o  o 
M  M  M  M  M  M  M 
4  4  4  4  4  4  4 
001  00  0  0  0 


ooinmi 
0  0001 
0000( 
o  CD  o  o  C 

M  M  M  M  I 

4  4  4  4 
0  0  0  0  1 


TrrrTTT  ttttttt 


0  0  0  0 

M  M  M  M 

bJ  b.  (9  X 
4  4  4  4 

0  0  Ot  0 


888 

oua 

4  4  4 
0  0  0 

8888 

0  0  0  0 

M  M  M  M 

4  auQ 

WWW 

w  w  w 
O  w  w  w 
•H  U.  b.  b. 

w  S  S  0 


0  0  0  0 

M  M  M  M 

hi  U.  (9  X 
4  4  4  * 
0000 


»0O|O|Of0« 

f  10  CO  Cfl  10  10  10 

I  L>  P  U  u.  19  X 
4  4  4  4  4  4 
1000000 


10  0  0  0  0 

1  M  M  M  M  M 

I  (9  hi  b.  (9  X 
4  4  4  4  4 
100000 


M  M  M  M  M  M  M 

W  W  W  w  W  w  w 

>s  N»  X  >S  N.  V 

AS  #A  A>  AS  AS  AS  AS 
0  0  0  0  0  0  0 

U  0  0  0  0  0  (0 
0  0  0  0  0  0  0 
0  0  0  0  0  0  0 
ooooooo 

M  M  M  M  M  M  M 

4  4  4  4  4  4  4 

m  0  0  0  0  0  01 


10  0  0  0  0 
I  M  M  M  M  M 

I  a  W  U.  0  X 
4  4*44 
10  0  0  0 


0191910001010(9(9(00 

OOOOMOOOOOOO 

0000(J0000000 

mmwmmmmmmmmm 

(iJh.(9X  4  OUO0b.(9X 

WWWW  Ws^WWWWW 
WWS.AWA^WWWWWWW 

wwwQwwWwwww 

bkU.U.b.A4(A.li.U.b.b.b.b« 

0000wO0000eJSI 


10  (9  19  (0 

oooo 
0  0  0  0 
M  M  M  M 

Wh.  (9  X 
w  w  w  w 
w  w  w  w 
W  W  w  W 

U.  b.  b.  u. 


019(91001919100190019000 
MOOOOOOOMOOOOOOO 
W00rj0IJ00bu0  00«V000 

mmmmmmmmwmmmmmmm 

4  XUaUU.OX  4  tOUQbJU.t9X 

WWS'WWV/W  WWWWWS^W 

owwwwwwwr^wwwwwww 

Qsas^>./wwwwQwwwwws^w 

•^U.b.U.b.U.b.b>A«h.h*b.b.b.U.h» 

W0006J000w00000e0i 


00(0000001 

MOOOOOOOl 

190000000: 

MMMMMMMMI 

4  OUa0U.OX  • 

W  W  W  w  V*  SA  w 
nwwwwwww/ 
Qwwwwwwwl 
t-«U.h.U.(4,b.tkU.< 


J  o  o  o  o  o 

I  O  O  O  O  O  O 
1  0  01  0  0  0  £ 
I  M  W  M  M  M  « 

}  a  u  (*.  IS  X  ’ 


.  U.  b.  U.  (i.  U.  ^ 

I  0  ei  0  0  0  VJ 


0000000000009*|*fX9*9*X^ininini9(ninoinOOlOOOOlOONNNNNNNN(D(D(Da)Oa)(DGD<-i 

00000000000000000000000000000000000000000000000000009* 

oiib(biuoiiboiiuoioioiiu0aoiibojojoi(boi0oioiruoioioiojoioioiojiuiyoinioioioioioiiunioiflj0oioiiua:iunj 

biu.(9X<ouau(i.i9X<ouc5bib.i9X<a(jafaiu.(9Xcouabiu.(5x<ouauih.i5x<fDuc3ujb.ox< 


125 


8  §  §  §  §  S 

w  w  w  w  w  w 

V  V  V  N.  V 

^  ^ 

lU  ftJ  lU  Al  ni  fU 

ie  »  is  s  « 

afU  (U  fV  lU 

m  m  m  m 
m  m  m  m  m  m 

♦  ♦♦♦♦♦ 

(U  M  lU  (U  fU  fU 

«««««« 

T  T  r  ^  T  T 

^  *4  ^  ^  ^  ^  aH 

8  8  8  8  8  8  8 

?  V  ?  V  f  ?  V 


AJ 

Al 

AJ 

AJ 

Al 

Al 

m 

{fl 

10 

c 

00 

ID 

n 

fl 

9 

O 

3 

o 

a 

R 

& 

AJ 

AJ 

AJ 

(U 

<u 

ta 

lO 

01 

m 

m 

m 

M 

m 

u 

O 

Ul 

u« 

a 

X 

w 

w 

v« 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

A. 

a. 

A. 

e. 

A. 

A. 

A. 

X 

X 

X 

X 

X 

X 

X 

Ul 

Id 

Ul 

Ul 

0. 

Id 

Ul 

N 

o; 

01 

01 

OJ 

OJ 

W 

ei 

AJ 

• 

• 

0 

• 

• 

• 

• 

01 

N 

N 

N 

N 

px 

N 

N 

X 

m4 

W 

X 

4>4 

4 

00 

80 

a 

CD 

a 

0 

o 

01 

01 

09 

01 

01 

01 

• 

• 

« 

Q 

•4 

*4 

•A 

t 

1 

• 

9 

1 

1 

t 

3 

o 

(D 

01 

0 

0 

o 

o 

LJ 

R 

R 

R 

R 

R 

R 

R 

At 

AJ 

Al 

AJ 

Al 

0 

Al 

..SI 

M  U 

-  O  ' 

..  Id 

..  U.  ' 

..a 

..  X 

% 

m 


8 


0 

R  'N 

o 

f4  4J 

/N  1 

CO  0 

0UI 

W  4J 

w  fv 

•4  4  w 

•4  IN  #4 

•4  rN  a4 

X  O  A.  1 

A.  O  A. 

J* 

US  •  wvrwi 

n  n  n  ^  AJ  (U  tU  (U  OJ  (U  r\J  00  CD  03  e 

o  o  0*noO  01  M  lA  I 

,.4  e4  a^**-!*-*  i-4{a*-«SUabiU.t0X  VVN. 

3ISt3IU33l3wa»ilM«lMM«|i  I  t  I  I  I 
♦  ♦  ♦  ♦  ♦ 


CD  & 

•  nnnnnnn 

r»j*mAjniRiAJr““** 


Si 


I  I  I  I 
*  ^  ^  ^  ^ 


«-i#4w«4wa-tw«4wa4^«4w*4N->AjAj(ijfVi(Ufury<ui*^uiinNNOi-4«>«(UAJf^(*)«*)(nm(T)AS(n9*9*3*9*o*3*o*u)uiin 

inuiu.u)u.utu.inu.inu.mu.MiiL.tniniotninininuiu)(AinustAUiu3td(oiou3U)u3U3io(Otptou)iou3iotou3tou)U)usu3 

88«!!iS8«!ii5S!S858S88&8[!j!i!»888888888888^8Q88£888!!j888888!:j8 


o  o  o  o 

fS  ^  ^ 


o  o  o 
^  ^ 


<s  ^ 

o  o  o 


^  ^ 
o  o  o 


o 

M 


Of  ru  ru  (u 


C9 

m 


M 

o 


m 

(9 

m 


Al 

nj 

M 

a 


Id 

♦ 

AJ 

U) 

O 

m 


fu 

(U 

(U 

o 

«i 

♦ 

fU 


Al 

01 

U. 

* 

AJ 

to 

O 

AJ 


ou 

X 

Id 

ei 


03 

m 


AJ 

Al 

AJ 

03 

«l 

f 

Al 


Al 

m 

ta 


AJ  AJ  AJ  Al  Al  AJ  Al 


Id 

ei  N 
•  AJ 

N  M 

<-4  Ul 
M  M 
O  ♦ 

m 


tn 

Al 

AJ 


Al 

M 

n 

♦ 

Al 

< 

to 

a 

AJ 


a. 

X 


I 


8 

a 

♦ 

AJ 

10 

O 

Al 


I 


PI 

Al 

AJ 

00 


AJ 

91 

Id 

•♦ 

AJ 

« 

(0 

o 

AJ 

W 

Id 

I 


P»  «1 
Al  AJ 
AJ  AJ 
CD  flO 


♦ 

AJ 


CL  A  A. 

XXX 
Id  Ul  Id 

ei  ei  ei 

•  •  • 

N  N  rs 


lA 

CD 


Al 


10  (0 
O  O 
Al  AJ 


A. 

X 

Id 

01 

• 

«i 

CO 

m 


8 


m 

o 


AJ 

m 

X 

4 

AJ 

(0 

O 

AJ 

91 

X 


O. 

X 

Ul 

OJfv 

•  AJ 
N  09 
U. 

M  01 

a  ♦ 


T 

Al 

AJ 

03 

01 

♦ 

AJ 


10 

O 

Al 


A. 

X 

Id 

01 

• 

N 


01 

ID 

01 


01 

o 


V/  w  w 


S  S' 


Al 

to 

01 

> 

AJ 


AJ  Al  AJ 

01  09  01 

to  u  Q 

♦  44 

AJ  Al  AJ 


U3 

O 

Al 


m 

m 


CL 

X 

Ul 

01 


T 

AJ 

AJ 

00 

01 

4 

Al 


O. 

X 

UJ 

01 


01 

(9 


y 

AJ 

AJ 

N 


U. 

4 

AJ 

to 

O 

Al 

09 

U. 


w  w  w 


AJ  Al  AJ  AJ  AJ  AJ  AJ 


4 

AJ 


J* 

4 

Al 

10 

o 

AJ 


O. 

X 

Id 

01 

• 

N 

f>4 

09 

D 


T 

AJ 

AJ 


I 

O. 

X 

UJ 

OJ  N 
9  AJ 

N  m 

r*  CD 
01  M 

CD  4 


U) 

AJ 

AJ 

» 


AJ 

r 

AJ 

09 

OD 

4 

AJ 

to 

O 

AJ 


09  lA 

ID  (9 


^  W  W 


^  r\ 


AJ 

is 

AJ 

O 


AJ  AJ  Al  AJ 


lA 

AJ 

AJ 

n 


0 

0 

0 

0 

0 

0 

y 

y 

y 

y 

y 

y 

r4 

-4 

«H 

0 

0 

0 

0 

0 

09 

09 

01 

09 

09 

09 

U 

Q 

0 

0 

19 

X 

4 

4 

4 

4 

4 

4 

0 

0 

0 

0 

0 

0 

0 

ID 

\0 

ID 

to 

10 

O 

O 

o 

O 

Cl 

o 

0 

0 

Al 

ni 

Al 

At 

01 

01 

09 

09 

09 

m 

u 

a 

0 

0 

a 

X 

w 

w 

w 

w 

w 

w 

A. 

0. 

0 

0 

0 

X 

X 

X 

X 

X 

X 

Id 

Id 

0 

0 

0 

0 

a 

fiJ 

0 

0 

0 

PI 

9 

« 

• 

• 

9 

9 

N 

N 

N 

N 

N 

N 

•4 

Vi| 

*4 

01 

M 

09 

09 

9A 

09 

0 

O 

O 

m 

01 

0 

09 

09 

09 

9A 

09 

IP 

.4 

9 

1 

1 

( 

• 

• 

N 

ts 

fs 

N 

N 

fs 

R 

R 

R 

R 

R 

R 

0 

0 

0 

0 

0 

AJ 

•  U  • 

•  O  • 

.  UJ  . 

•  u.  . 

•(9  • 

.  X 

9 

r 

P9 

Al 

..  CJ  .. 
fN  W  fx. 
y  U*  y 
AJ»^  AJ 
UJ  01  liu 


C  9 

2  ^ 

m  n 

AJ  AJ 
h.  ..  C?  .. 
v-  W  fs 
U,  y  U,  y 
rr  AJ  —  AJ 
OJ  (9  01  X 


^  O 

9  w 

PI  i,i 
AJ 

X  -  •• 
v»  SCO 
u.  y  y 
-•  AJ  Al 
01  «  03 


9  I  C 

in  tn  in 
t'A  cn  p) 
AJ  nj  Al 
CD  ..  u  »a 

W  A)  W  gl  w 

u.  y  u.  y  u. 

5  S  S  S  S 


f  I 

Ul  in 

PI  PI 
AJ  AJ 

••M  -U. 
O  w  01  x-* 
y  u.  y  u. 
AJ  —  Al  •-< 
UJ  OJ  U.  OJ 


fl 

IT 

P» 

AJ  ' 
..  (S  .. 
CO  w  (0 

y  u.  y 
AJ «  nj 
OOJX 


C  4^ 

U)  3 
in  w 
AJ 

X  •• 
w  cn 
u.  y 
r  AJ 
QJ  < 


9 

to 

n 

Al 
..  ta 
<n  w 

§5 


I 

to 

PI 

Al 

..  U  •• 

01  cn 

Su,  y 
—  Al 
UOJQ 


10 
PI 
AJ 

a 

V/  0)  w 

u.  y  u 

—  nj  *1 

GJIdOt 


t 

10 


^  o 

9  9  .H 

U3  10  3 

I’l  R  R  LJ 

Al  AJ  AJ 

..  U.  ..to  ..X 

R  w  <n  v.'  0) 


-U.  -  CO  «X  "  CD  ..  U  ■.  O  -  Id  ••  U-  ..19  ..  X 

RwRwRsrfOOwCJwOwOwO'^O'-'O^ 

yu.yu.yu.uitnu.uiu.uiu.uiu.uik.u'.  l4.inu. 

AJ^AI**AJ“*AIAJ*“'AI*^AJ*^A>'^AI^AJ"-AJ** 
u.  0>  to  Ei  X  fif  4t  m  pj  ( 1  ei  n  til  <•) «..  ffi  tn  Ml  ^  At 


E5B5:  tl/ 


ooooooo  ooooooo  ooooooo  ooooooo  ooooooo 


§i§§§§§  §i§mi  iiisii 


I  I  I  •  I  ) 


AAAAAAA  aaaaaaa  aaaaaaa 


888SSSS 

lU  (U  (U  AJ  ^  fU  OJ 

I  I  I  I  I  I  t 

aaaaaaa 

/%  <iv  ^  /-X  ^ 
/A  /N  ^  ^  /A 


§§Si§§§  iSlisSs  ssiiSss  SsSSSSs 


U.  to  X 

W  «l  W  I 

♦  V  ♦ 


w  w  w  w  w  w  w 
•s  N.  -v  N.  V  *>. 

^  ^  /A  /A  /^  /A  ^ 

(U  (U  AJ  fU  ni(U  Al 

I  4  <  1  <  «  < 

0)  ffS  0)  fft  V)  0)  0) 

^  ^  ^  fA  ^  ^  fs 

(y  Qi  M  ju  W  w  ni 

^D  flB  ^D  flQ  BD  CB  fli 
«  VI  «l  M  «•  «  M 

♦  ♦  4  ♦  ♦  ♦  4 

ru  (\J  (U  AJ  AJ  lU  (u 

t  «  I  4  4  4  « 

ni  Ai  <n  n  #n  fn  D 
fA  CA  N  fA  N  N  N 

sasisssisi 

n  u  ai«i  i^C9  X 

4  4  4  4  4  4  4 
Ai  Ai  Al  Al  AJ  Al  AJ 

. . . 

Al  in  in  in  I/)  tn  01  u)  r 

McnuKDuiCflaiifli 
O  AJ  AJ  AJ  Al  Al  s  Ai  ( 

VIWgiVIViMWMl 

♦  ouauiu.c9X  - 

W  \>  W  W  w  w  w 
nwx^wwwA^wr 
OW\^WWWWW< 

4>4U.U.U.U.U.U.U*< 

I  I  I  t  I  I  3 w ^  ^  4-4  : 


iin<n<n  < 

sfAfAlA  I 

i 

4II.C9X  I 
►  444 
liAtAtAI  1 

4  4  •  tA  4 

nininin  All 
B  to  to  in  VI  t 

Linini  Aiai 

H  M  M  «  VI  4 
i4  b.  (9  z  4  1 


#  W  W  w  O  ^ 
<  Uu  Mb  Is*  ^  t 

•  M  M  4-4  3  • 

leieieicfi 


iintnininini 
1 10(0  to  to  to  L 

lAJ  Al  AJ  Al  AJ  r 

I  M  (A  M  VI  W  I 

>u  a  ui  ti*  to  : 

>  w  W  X*/  w  V 


A*  N  V  A^  V  A»  N. 
rA  /A  4A  rN  /%  /A  ^ 

Ai  Al  Al  AJ  Al  Al  Al 

M  Ajumfufuru 
(0  flD  ^9  Qj  10  ^9  CO 
AJ  (U  Al  (U  M  Al  Al 
SB  B  n  n  (O  B  B 

W  VI  M  VI  VI  M  w 

4  4  4  4  4  4  4 

Al  Al  Al  Al  ru  Al  Al 

fo  PI  P)  D  n  n  (*> 

AJ  AJ  Al  AJ  AJ  AJ  Al 

M  VI  VI  M  VI  M  M 

BUOlsJli*IOX 
4  4  4  4  4  4  4 

AJ  Al  AJ  AJ  AJ  Al  AJ 


lAiinmtninintninAJtnini 

iviiotoioiotojjtoviiotot 

tuinjAjAJAiAiAinju.AJAjr 

MWVIVIVIVIMIMVIMMI 

:  4  inuauiu.(ox  4  mcjt 

>r4U.U.U»U*tA*ti.U.r4U*U.l 

lujeiQieieieieieiweieK 


ooooooo  oo 
ooooooo  oo 

AIOIAIAIAIAJAI  AJAI 

Itlllll  It 

aaaaaaa  aa 

<^«-x 

v4  ^  «>4  4^  ^  vM  •*< 

lAVlWWWVIW  VIM 

888S888 

WwW^WW^n' 
N*VN.>*VV'^  N.N. 

^  ^  ^  ^  ^  AS  ^  rS 

AJ  Al  AJ  AJ  Aj  Al  Al  AJAI 

PIPIPIPIPIPIPI  i*  y* 
B  09  B  09  B  S  B  OD  O 
BAIAIAIAJAIAI  AJAI 
BBBBBBB  BB 
VIWWVIVIVIM  VIVI 
44444^4  44 

AIAIAJAIAJAIAJ  (UAJ 


or)BBOoooooo4H^«M4-t«M*H«*(«-iAJAiAjAinjA]AiAiP)piPiP)nmmpi3«^B*^9*^^9*ininiotntnininintototD 

BBai(n0iB(nB0)(njiB0iB0)B0i0)B0)BB(n0i(n0io)B0iBi7)ff)o)Bcn(nm0i0)no)(ntnBBtnBB0)Boi(noY 

AlAJAJtUAJAlAJAlAJAJAlAJAlAJAlAIAlAJAlAJAJAIAlAIAlAlAlAIAlAlAlAJAlAJAfAJfUAJAlAlAlAJninjAJAJAjAJAJAJAJAJnJ 

(«.t9xauauiu.(9x<aua(sju.t9x<cauauiu.(ox<Bucoui{i.t9X^BuQtiju.t9x<Buotiju.t9X«0u 


PI  PI  p) 

to  to  to 

AJ  AJAI 

«  VIVI 

u.tox 

•  •  • 

^  r4  44 
^  W 

VI  (A  W 
SBB 
(A  VI  VI 

•  •  t 

Al  AJAI 

r4  44 

VI  M  (A 
BBB 

VI  (A  VI 

s^  w 

1  1  1 

Ai  Al  AJ 

to  (0  to 

Al  Al  AJ 

VI  M  (A 

O  03  O 

fN 

M  (A  lA 

tn 

Xi^  X^  W 

AJ 

4  4  4 

44  B 

4S  /-X  (VI 

a:  4 

N  ps  P*  fs  tv  fs. 

AJ  AJ  AJ  <U  Al  Al  Al 

VI  VI  «  VI  VI  VI  VI 
BUO  WWtOX 

«  •  •  •  9  •  • 

0)  01  B  0)  09  B  0) 

VI  VI  VI  VI  VI  VI  VI 
BBBBBBB 


0) 

O 

44 

Al 

n 

T 

tn 

N 

(0 

B 

B 

CD 

C9 

O  J9 

AJ 

AJ 

AJ 

AJ 

AJ 

AJ 

AJ  « 

<Z 

<Z 

< 

« 

« 

« 

<.  4J 

(A 

VI 

VI 

VI 

VI 

VI 

VI 

CO  B  B  n  4"* 
VI  (A  VI  O  O 
V  >,  xs  *-1 
^•^-433 


4 

•  Aj  Al  AJ  A)  AJ 

J  (A  M  M  VI  (A  I 
4  (S  U  O  lit  U.  1 
3  (A  v:  VI  (A  n  I 

^4  4  4  4  4’ 


I  ^  1-*  »  l-x  4  l-x  4  I'*  *  I'X  *  I'X  » 

'wvs./w  Ai<*^nl<*>AJ'^^J^AJ4*>AJ^AJ'^-H 

•  •••  V>  B  (A  B  W  B  M  B  VI  B  VI  B  WO)  O 

aviuvioiAUiviti.vit9«ixvia 
iBUltDBflL  I  (A  a  VI D  VI  a  VI  a  (A  m  (A  o  (A  a u  I 

✓  4VI4tA4VI4VI4VI4v|4VI- 
HAVIVIVI  V  N.  xs  V  V  V  ^ 

IBBaar*i<^  rn|f|nB»^in4^in**’in*^tn'*’in<^o  njmnjru 

IVItAVIIAOO  O  W  O  <A  O  «A  O  ^  O  VI  O  M  O  M  OO  VI  M  M  «A 

ii'S'x^'V>x4444  44044|Q«^CD44|Q^n«^{0«MQ}^«i4  COLIOUI 

3VI3VI3  ''SVIBVIBVISVIBB  i  VIVIVIVI 
'Wx,.^x,^x^«_>W*>'Wwt.Jwi^Xi^V.IV^t_lx.^U«x^(_fx^l^bJ«'>'  4  4  4  4 


N  N  rs  |V 

AJ  Al  AJ  Al 

«A  M  (A  «A 


H2tninN(5BBoi^44«H«-4M4444(yAiAiAiAJAiAiPinPipiPipiPitniDioB(noo44^Ainjpimj*rtninp*(DB(n(ncn(n 

ui(0t0u}t0uiui(ONNtX‘NNPsNr^rstxxpxp*rspsrxkPxpxrx.tspspxtx,»pxp*rxxpxa)fD(Da>a}(D(D(an(DOffiBmoma}m(O 

BB(UB(UBBAlAJAlAJAIAiniAJAiAIA|AlAlAiniAJAJAIA)AJAlAinjAJAJAJAlAJBAIAIfUAjAinjAlAjAJniAJAjAJA|Aj(UAI 

ts-t0X<CBCBC0Ua(aU*C9XBUaiftlU*(3XB(jC3bih*t3x«C<B<B<a<a<B<B<B<(0<<na)UOUJ 


127 


i 

- 

■ 

i 

i 

i 

-i 

i 

1 


i 


B303;  F322:  *SFZZ7 

eiF(B296“l.SB517»QEXP(-CBS2BS*2*BS273  2*aB2aM *2)/ J ,0>  0322:  *«6127 


« 


u 


^  ^  ^ 
^  ^  ^  ^ 


siSiSisiSISISi 

1*1  n  in  ri  in  cn  in 


M  I  I  I  I  I  I  I 
♦  ^  y  ^  ^  y 


jsassss 

MMMAinieiM 

^  *4  «4  *4  ^ 

ss&sass 

«i «  «r «  «  «  «i 

W  W  w  W  W  W  w 

I  I  I  I  I  I  I 
^  ^  ^  ^  ^  ^ 
lUigMnjM  AIM 
m  in  m  in  in  in  in 

essssss 

iii«iM«i«iai«i 

w  w  w  w  w  w  w 

10  to  10  to  (0 10 10  a.  I 

#4«4^»4«4#4^4  y 

Ml  <0  M  M  «  «  M 

nnflBflQdUflBCDni^ 

MIMIMIMMIMIMOO 


to  ^ 

«-l  O 

m  ^ 

#4  OB  w 

lU  •  fU 

t  ^  ♦ 

tt  NNNNKNN 
riM  o(U(U(UfUIUIUfy 

OnjOMMiMIMMIMIMl 


>«S.>«>..*ikS.N>^«4  «4^«>40ICJablU.t9X 

aaawMMiMMiwii 

wwwwwwwcJU^CJ>k44  >  >  ^  4  ^ 


I  I 


^  ^  ^  ^  ^  ^  ^ 

^  ^  ^  ^ 

8S88R8S 

m  m  w  M  o  w  in 

8  Ml  Mil  Ml  Ml  Ml 

uauili.l9x 

n  n  o  9)  n  n  0) 

&n8S8Sn 

Ml  Ml  Ml  Ml  Ml  » 

W  w  ^  w  w  w  w 

♦  ♦  ♦  ♦  4  ♦  ^ 

O  B  O  O  O  CD  O 
AjnniBiuSfu 
B  in  m  in  in  in  m 

8MI  B  Ml  M  Ml  S 
nBnmgaB 
Ml  U  Ml  Ml  «  Ml  m 

w  y  W  W  ^  W  w 

to  to  to  to  to  to  10  ft.  1 

^v4^^v4^^<  y 

nBOBODDBCD^*^^ 

MIMIMIMIMIMIMIOO 

N.*^N.N»S.S.‘VF4i-» 

I  I 


ID  B  O 
n  n  2* 
in  PI  B 

<  c  < 

m  Ml  Ml 

p.  M  N  •  N  • 
fu  ^  nj  lu  ^ 
MiBMinBcr) 
B  U  fcV  Q  Ml 
Ml  B  Ml  B  Ml  B 
I  Ml  ♦  Ml  ♦  Ml 
’vV'x. 
m  in  tn  ^  B 
O  Ml  O  Ml  O  Ml 
•4  0  w  B  B 
I  3  Ml  3  Ml  3  Ml 

X*  Ii4  W  14  L4 


!lJfnp)inPiPiPlP1^^^t*^i*9*(flNNlb(DOOOOOOOO'^«-(«-'«4«4.^.4fljrLj(UIUIUI\JlU3*Bl/)(DfDBJ)00 

fiiiurufuiuiuaiftjfuiu<Ufu«Jfynjiuiui\jftjftiinpiPJP)ininPnnfnBP>P)tnnBmBmBBninBcninntnninrj* 

TiPipiPininBinpiinPipifninPip)PifnPip>BpiPip>inpiP>inPiPiinp>inpiP>inBBP)BpiBBP)ninBinBinrn 

EBUOB(«.(£>XBUC3tilU.(OZ<<B<B<BUaUI(i.tOXBUQklft.l9ZBUOUlLi.t3Z^CB<BtfBCB 


FN 

r> 

F> 

r> 

o 

O 

o  • 

o 

O 

O 

O  < 

o 

O 

O 

o 

O 

rs 

F^ 

FN 

rs 

FS 

«4 

t4 

p4 

«4 

H 

«4 

«4 

•4 

Ml 

Ml 

Ml  < 

m 

Ml 

Ml 

Ml  1 

N 

Ml 

Ml 

tn 

Ml 

a 

C9 

to  CO 

9 

tP 

10  (0  «n 

m  0 

t? 

Ml 

¥} 

Mr  • 

Ml 

Ml 

Mi 

'  Ml  1 

Ml 

Ml 

Ml 

tn 

B 

>4 

w 

s/ 

V4 

w 

IF 

\F 

\F 

UF 

\F 

>* 

X 

■s 

■s, 

V 

V 

V 

V 

N. 

N, 

V. 

r> 

r> 

r> 

r> 

(U 

ru 

CU  ru 

ru 

a  a  a 

1  a 

a  a 

a 

« 

« 

B 

a 

ie 

tn 

1  0 

$ 

1  18 

£ 

lU 

ru 

(U 

fu 

a 

a 

a 

lu 

1  a 

a 

I  a 

a 

a 

B 

B 

B 

B 

B 

B 

■ 

B 

B 

1  B 

B 

Ml 

Ml 

Ml 

Ml 

Ml 

Ml 

Ml 

Ml 

Ml 

Ml 

'  tn 

Ml 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

(U 

ru 

ru  ru 

fU 

a 

1  a  a 

1  a 

a  a 

a 

PI 

n 

PI  1 

P* 

PI 

PI 

1  PI  pi 

1  PI 

PI  m 

in 

fv 

r*. 

N  1 

rs 

N 

Ps 

1 

p*. 

Ps 

rs 

N 

fU 

fU 

(U  ru 

a 

a  a  < 

p; 

a 

a  a 

a 

Ml 

Ml 

Ml 

Ml 

V) 

Ml 

m 

Ml 

Ml 

tn 

1  tn 

tn 

a 

Ul 

U.  1 

to 

X 

B 

1  u  < 

□ 

1  Ul 

a 

0 

X 

♦ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

(U 

cu 

ru  1 

lU 

a 

a  a  a  a 

a  a 

a 

tn 

tn 

in  tn 

*n 

tn  tn  tn  tn 

tn  tn 

Ul 

to 

to 

to  to 

to 

to  to  to  to 

CO  to 

to 

fti 

CU 

cu  cu 

a 

a  a  a  a 

a  a 

a 

9* 

a 

Ml 

w 

M 

Ml 

Ml 

Ml 

1  Ml  ' 

Ml 

Ml 

Ml 

Ml 

Ml 

0 

a 

bl 

u.  to 

x 

B 

1  U  1 

□ 

1  Ul 

a 

to 

X 

4 

F> 

w 

w 

w 

w 

w 

w 

w 

UF 

1 

1 

1 

1 

1 

1 

1 

1 

t 

1 

1 

1 

a 

9) 

w 

w 

>F 

w 

W 

w 

S4 

UF 

UF 

a 

ft. 

ft. 

ft.  ' 

ft. 

a 

ft, 

a 

a 

a 

a 

a 

a 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

tn 

PI 

U1 

Ul 

UJ  1 

Uf 

Ul 

Ul  Ul 

Ui  Ul 

u  a 

Ui 

o 

•4  4l 

e» 

PJ 

ei 

ei 

CJ  N 

« 

1  a 

0  0 

0  0 

0 

a  o 

« 

• 

• 

• 

•  a 

• 

• 

• 

• 

• 

• 

9 

to  a 

N 

N 

1 

fN 

N  Ml 

p. 

fv  1 

P«. 

rv 

r- 

P^ 

w  9* 

r-t 

*4 

X 

1  ^ 

1  .4 

1  *4 

«4 

Ml 

Ml 

Ml 

Ml 

•n  Ml 

M 

Ml 

Ml 

'  Ul 

Ml 

)  tn 

Ml  1 

1  1  X  «4  0.  1 

a  o  a 

B 

B 

a  1 

B 

B  4 

B  B 

B  B 

B 

1  B 

B  F^ 

Ml 

Ml 

Ml 

Ml 

Ml 

M 

Ml 

Ml 

Ml 

tn 

1  tn 

tn 

a 

• 

-r» 

•  n 

o  m  Cn  n 

1 

.H 

f4 

1  .4 

1  «4 

t  ^ 

O  O  OC^OO 

0^0 

s 

ni 

a 

Ml 

♦ 

ftl 

n 

N 

fU 


tn 

to 

ru 

Ml 

U 


0. 

X 

UJ 

B 


B 

Ml 


(0  *0  to  to 

tn  (n  B  91 

lU  lU  ft!  Oi 

..  u  •*  a  ..  M  .•  u. 

9)w0)w9)w9)w 

SU.  O  U.  O  U.  O  («• 
••  PI  P)  Pl 
uBaBuje)u.ei 


N  N  N  P' 
ru  nj  ru  ru 

-  Ml  M  Ml  m 

«H  o  ^  0  u  Q  Ul 
3t  31  3r33  I  3w3MIMlMI(n 


V%Kjt  y  y  y  y  ,  yyujyLjyx^y^t^t-iyt.\^*^'^  ♦  f  ♦ 
fU 


^S^iNNfsrsNrv 
91  Bui  91  9)  91  9)  tn  91 

turu  (urufufuruoj 
••  o  ••  X  ••  •' B  •>  u  a  *•  u  ••  tu  •.  to  ••  X 

9)w9)wOOv/OwO^O^O>-'O>-'O'^^«^^^^«-*<4<HnP19*3*t0U)91OO‘~i«4lUrUfUrurU 

oft.oti.^^u.^u.«HU.^u.«-iu.«4w^b..4«-ir4r4^«4^^^«4«H*4^^^aj0iUfufuntrufuPJ 

(n^rn^(nfn*«>*pi*^(n*^(n»^rn*^pi*^in^rnrnmfnminrnPipjtnrnrnpiPipiBfnrnrn(nniopim 

toeix3<BesFUBaBujeiu.e;t9BxB<Bijauiu.BZ<a<ai<B4<B<B<auauj 


129 


A3>ii;  cuio}  '•'SEse?  E353:  01  Fc c c ES3a‘t-a*Es33e'e*sB3Hi ‘e>/c«3si ) »-eoo,o,  1) 


^  m4  t>4  *i4^v4«4«4«i4^ 

ooo  ooooooo  000000*0  ooooooa 

pif  PPPPPP  Ippppip  ppppppp* 

AAA  AaAAA/i.  A  AAAAAAA  AAAAAAA 

^  ^  ^  r\  ^  ^ 

u  .  ^  rs  ^  ^  ^  ^  ^  rs  ^ 

^  ^  w4  #4  #4  *4  v4  *4  *4  «4  *4  v4  »4  *4  «4  «4  *4  ^  #4  ^  «4  «4 

!«9  9999999  9999999  9999999 


iCiCi!; 


w  w 
N  N* 

/N  /4 

ni  fu 
fuiu 


N.  N.  %  Nk  Nw  N»  V  N.  W  N»  X 


♦  ♦  ♦ 
fUfUfU 

l(U  fU 

-  mn 
w  i*>  in 

M  M  « 

U.  19  X 
♦  ♦  ♦ 
fuiuiu 


AJfUfU  to 
rt  m  m  rt 


♦  ♦ 
lUOl 


cu 

-  -  n 

mm 


Ti*T 
AJ  CU  fU 
m  in  w 

WWW 

u.  19  X 

WWW 

WWW 

WWW 

Ci.  b.  u. 


?V 

CU  ru 

N  •  • 
lu  X  r 
“  -•  cu 
-  in 

%i  ‘ 


lUIUCUCUAI 
«  «  •  «  < 
AlAJfUIUCU 

ssana 
a  X  «  a  a 

4  ♦  ♦  ♦  4 

AJIUIUCUIU 

fuiuiuaiv 
in  in  m  in  in 
in  m  m  m  in 

a  M  «  o  « 

auii.(9X 
4  4  4  4  4 
lUIUIUlUAi 


X  AJcunj 
ia«  m  m  m 


4  a  u 

W  w 


TTTTT 

“lUlUfUM 

. .  in  m  m  m 

mmmmm 

out  u.  ox 


Owwwwwww 
«4l4,ti.l^U.h.U.b. 

eieieiwttSeeos^ 


Miuiuiuiuaiu 
•  «  «  «  «  1  * 
in  m  in  m  w  m  m 

jRJiiCiCiCiCii; 


4  4  4  4  4  4  4 

lUIUIUMiUMIU 
a^MIUlU  AJM 

in  in  in  in  M  in  m 
in  m  m  m  in  in  m 

MXMWMMM 

a  (j  a  w  u.  o  X 

4  4  4  4  4  4  4 
lUCUaiUAJMIU 


^  N.  'v 
r\  ^  ^  r\ 
WIU  AIIU 
«  •  «  • 
TS*Tt» 

iCiCiCi!; 

aaaoi 

«  «  a  a 

4  4  4  4 
lUMium 

luryaa 
m  m  m  m 
in  in  in  m 

mm'^m 

muaui 
*  4  4  4 

luiuiua 


MMIU 
*  <  • 

T9»i 
in  m  in 
asB 

mmm 

4  4  4 

Wlua 

cuiua 
in  in  m 
in  m  in 
r>mm 
•{:??■ 
lUIUlU 


r^TrT^^tOTTT^^TT 
lyiuaiuiuiynjaiUAjaAiAiMm  o 
inininininininxinininininininx 

a  a  a  a  a  a  « - - 

auaitiibox 


iaaaaaaax i 

«uoiau.i9X*  ^ 


WWWWWWWO 


^W^WWWwWWWf 


U.  Ir.  U.  U.  b.  U.  h. 

ttSZSeSe 


wwwwwwwQO 

b»U>C^tft.h>U>U*9999 


N  N  N  N  N  N  N 

lu  (u  lu  (u  AJ  nj  nj 

a  a  a  a  a  a  a 

muQuu-tox 


*^99  3  3  3  I  a  a  a  a  a  a  a  I  i  t  i 

—  —  —  —  cjeieioeesteuw^4  4  4  4  4  4  ^  ^  ^ 


a  a  a 

S  8  S 


AJ  Ol  Al 


m 

m 

in 

n 


lU 

fU 

m 

m 

a 

a 

4 

lU 

« 

r 

to 

tn 


eu 

K 

Ul 

ei 


I 


i  I  3 
y  y  y  u» 


O 
in 
n 

.  n 

(ninin^r^3*^3*^9«(n(ntntniniAtnuiuiiO{OiotoioiotoinQQ*^«-i9999W9999njiuiuiunifunjinr)w 

i/itnininintntfiininindminintnintniAirintntntniAiAtniAintfiiotOBiDiototoiOBttBCDtoioBBmu. 

fn;ninincnMininininin<nininfninnfn.ninininin#nininBinminininmininininininininininininin99 

U.t9X<auabJk.(9X«ca(jBblU»OX<B(^afalti.t9X<<aiCDUOblb.OXflBUa(tJb.t3X<nef 


o 

in 

in 

80 

a 

4 

lU 

« 

AJ 

n 

in 


j* 

AJ 

m 


ID 

tn 

m 

to 

a 

4 

AJ 

k 

tn 


WWW 


CL 

X 


AJ  4  • 

a  h-  N  N 

flO  99  99  99 

a  a  a  a 

4  CD  n  CO 

a  a  a 

»  *  * 
Q  ^  ^  *9 


o 

U) 


o 
tn 

m  n 
..  u  -0 

n  w  in  w 

to  u.  to  b. 
in*-in  — 
ueoei 


m 

R 

• 

X 

X 

X 

a'  X) 

R 

R 

R 

R  m 

< 

< 

< 

< 

a 

a 

a 

a 

•  N 

• 

fv  • 

rs  •  u 

^  AJ  a;  . ,  . 

oianaBain  o 
au.ac9axa  o 
ooaooa<Daa«j  1 
‘1  4  X  -  ✓ 


♦  a  4 

tn  u>  99 

ao  ao 

£Q  w9  CO  «9 

a  3  a  3 


tn  tn  n  99 

a  o  a  o  o 

00  80  ^  *9 

a  3  a  3  3 

V*  W  W  W  u 


N 

AJ  lU  AJ 

a  a  a 

CO  u  o 

I  a  a  a 

X  4  4  4 


N  N  A* 
AJ  AJ  AJ 

Ji  a  a 
UJ  b.  (9 

a  a  a 

444 


ooooooo  ooooooo  ooooooo  00 


9  •  f  f  I  •  I 

AAAAAAA 


8SS8SSS 

AJ  u  lU  AJ  AJ  ru  AJ 
^  ^  ^  ^  ^  ^  ^ 


ooooooo 

ooooooo 

AJ  AJ  AJ  ru  AJ  AJ  AJ 

I  I  I  I  9  •  I 

AAAAAAA 
^  ^  ^ 

^  ^  ^  « 


aaaaaaa 

sssssss 

w  w  w  w  w  w  w 
>►  N.  V  N  N. 
r\  ^  r>  ^  rs  ^ 
AJ  AJ  At  lU  AJ  AJ  AJ 

fln  ^9  Qj  c9 

w  ^  B  in  w  *n  in 
m  in  in  jn  m  m  in 

8A  B  ttJ  IB  03  B  B 

aaaaaaa 

4444444 

Al  Al  Al  lU  AJ  AJ  AJ 


a  a  a 

S88 


^  ^ 
AJ  Aim 
•  •  • 
in  R  0) 
in  in  in 
in  in  in 

B  CD  8B 

a  a  a 

444 
Aim  AJ 


a  a  a  a 

0  Q  o  D 

a  a  a  a 

w  w  W  w 
N,  V  V  N* 
«  ^ 
mmmm 
«  •  •  « 

SR  9)  cn 
in  R  in 
in  in  in  in 
aana 
a  a  a  a 
4444 
mmmm 


a  a 

019 

a  a 

w  w 
V  N. 

«A 

mm 


a  a  a  a  a 

80000 

a  a  a  a 

W  w  w  w  w 
N.  V  N.  N, 

«  rN  ^ 

m  m  m  m  m 


4  4 

mm 


mmmm 
in  in  in  rn 
in  in  in  in 

a  a  a  a 

OOUOliJ 

4444 

mmmm 

N  •  •  «  • 

tO^TT  r 
ammmm 
83  in  R  R  ri 

a  a  a  a  a 

.  m  u  a  uj 


m  m 

RR 

RR 

a  m 

t9 

4  4 

mm 


m 


3*X 

mm 

rr 

r  a 

b.  (9 


m 

•  N 

z\i 

X  4 


Al  m 

R  R 
RR 

a  M 

B  U 
4  4 

m  m 


m  m 

R  R 
R  R 

a  a 

bJ  b. 
4  4 

m  m 


T  3* 

mm 

R  R 

a  a 

BU 


»WWWWWW  ww< 


mm 

RR 

RR 

a  a 

ox 

4  4 

mm 

I  .  N 

3*  rm 
mma 

RR  Q 

a  a  a 

0X4 


mmmm 

R  R  R  R 
R  R  R  R 

a  a  a  a 

a  u  a  bj 
4444 

mmmm 


00 
00 
m  m 

I  9 

A  A 


a  a 

00 

a  a 

W  w 
N.  V 
r\  ^ 

m  m 


tOOOOO 


O  o  < 

J)  n  f  _ 

B  a  a  a  B  B  a 


•  x  r  r  X  r 
I  R  R  R  R  R 


44444 

mm  m  m  m 


X  r 
R  R 
a  ca 

a  a 

4  4 
m  m 


O  W  W  w  w 
«9  b.  b.  h.  tb 

I  I  I  I  I 

■  yyyyy^^mctOtCf 


F  W  W  m  w  w  w 

W  O  W  W  W  W  w 

•  *  ‘  u.u,t 

Sei! 


w  w  w  Q  w  w 
b.  b.  b.  *9  b.  tb 

“  ^  3  *•  *- 

etea  wBo 


X  X 

mm 

RR 

a  a 

bJ  b. 
w  w  w  w 
w  w  w  w  rt 

w  w  O 

b.  b.  <-4 

a  o  w 


X  X  X  X 

mmmm 

R  R  R  R 

a  a  a  a 

auobj 


m  m  m 

R  R  R 
R  R  R 

a  a  a 

b.  (3  X 
4  4  4 

m  m  m 

•  I  •  fs 

X  X  X  m 
m  m  m  a 

R  R  R  bl 

a  a  a  a 

b.  t9  X  4 


AJ  m 
R  R 
R  R 

a  a 

CBU 

4  4 
m  m 


wwwwwwwr^ 

ww^^wwwwQ 

U.b.b.li.b.b.b.^ 

ejaaaeJoat.j 


X  X 

mm 

R  R 

a  a 

m  u 

W  w 


b.  b. 

a  a 


Al 

m 

R 

R 

X 

X 

0 

N 

IS 

0 

BOB 

0 

B 

B 

01 

n 

01 

01 

01 

01 

01 

OQ 

000 

0 

0  0  r9 

*9 

v9 

m 

m 

m 

m 

m 

ru 

m 

ru 

R 

R 

j* 

X 

X 

X 

X 

X 

T 

T 

X 

r 

r  T  T 

X 

X 

X 

X 

:*• 

X 

X 

X 

X 

X 

tntn 

in  in  in 

in 

in  tn  tn  tn 

tn 

in 

tn 

tn 

in 

tn 

in 

tn 

in 

tn 

in 

tn 

in 

in 

tn 

tn 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R  R  R 

R 

R 

r. 

R 

R 

R 

R 

R 

R 

R 

RR 

R  R  R 

R 

R  R  R  R 

R 

R 

r“ 

R 

R 

R 

R 

R 

R 

R 

R 

R 

n 

R 

R 

R 

< 

S 

< 

B 

< 

on 

< 

< 

B 

a 

U  O  b* 

b. 

0 

X 

B 

U 

a 

bJ 

b. 

O 

X 

<B 

(j  a  bl 

u. 

19  X  <  B 

u 

a 

b. 

b. 

0 

X 

< 

a 

u 

0 

UJ 

b. 

0 

X 

< 

eu 

13C 


0353;  eiF(CCDS3a‘l-2*0*33a-2*»B3‘il‘2)/C»BSl))>-200.0.1)  E363: 


r\ 

A 

rs 

fS 

O 

O 

o 

O 

O 

o 

o 

o 

O 

o 

O 

o 

O 

o 

O 

o 

o 

O 

o 

O 

r\ 

A 

f% 

A 

r\ 

r% 

/N 

A 

fS 

«t4 

«4 

«4 

«4 

w 

•4 

«4 

f4 

«4 

m 

M 

a 

•1 

P 

P 

M 

p 

P 

P 

p 

P 

m 

P 

p 

P 

p 

P 

P 

p 

P 

9 

s 

9 

9 

9 

9 

9 

9 

9 

9 

5 

9 

9 

0 

9 

9 

a 

9 

p 

p 

p 

P 

P 

P 

P 

P 

P 

P 

p 

p 

p 

p 

p 

p 

p 

w 

w 

w 

w 

W 

W 

W 

w 

W 

w 

w 

w 

w 

w 

>► 

N. 

X 

s, 

N, 

V 

>k 

N. 

Nk 

s. 

s. 

N. 

N. 

N. 

rs 

A 

rs 

^  • 

/N 

Al 

(U 

AJ 

AJ 

AJ 

Al 

Al 

AJ 

Al 

Al 

Al 

AJ 

Al 

M 

0 

0 

0 

0 

0 

0 

0 

Al 

Al 

AJ 

AJ 

Al 

AJ 

m 

in 

cn 

rn 

m 

m 

cn 

T 

3* 

3* 

r 

3* 

3* 

S 

S 

fi 

iC 

i; 

S 

ii; 

i: 

it: 

i\ 

i; 

j; 

?; 

i; 

fi 

it; 

3* 

0 

it; 

?; 

9* 

0 

« 

m 

m 

m 

o 

01 

« 

os 

a 

m 

A 

M 

0 

0 

0 

m 

0 

O 

0 

0 

O 

m 

m 

w 

p 

P 

p 

p 

p 

p 

P 

P 

P 

P 

p 

p 

p 

P 

p 

P 

P 

♦ 

♦ 

♦ 

4 

4 

4 

4 

4 

4 

♦ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

fU 

Al 

Al 

Al 

AJ 

Al 

AJ 

Al 

AJ 

Al 

Al 

ru 

Al 

0 

0 

0 

0 

0 

0 

0 

0 

« 

« 

• 

« 

« 

< 

« 

« 

4 

4 

• 

1 

S! 

9 

Al 

Si 

AJ 

9 

AJ 

AJ 

9 

AJ 

9 

9 

0 

0 

0 

0 

0 

0 

0 

in 

cn 

in 

n 

in 

in 

rn 

rn 

rn 

m 

rn 

rn 

in 

in 

m 

rn 

0 

0 

0 

0 

0 

n 

in 

in 

cn 

n 

n 

in 

in 

n 

m 

m 

rn 

m 

0 

rn 

n 

0 

0 

0 

0 

0 

M 

m 

m 

w 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

P 

P 

P 

P 

P 

n 

u 

o 

Id 

u. 

o 

X 

n 

u 

C3 

Id 

b. 

19 

X 

o 

u 

O 

W 

0 

to 

X 

♦ 

♦ 

♦ 

4 

4 

4 

4 

4 

4 

•4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

nj 

AJ 

AJ 

Al 

AJ 

Al 

AJ 

Al 

AJ 

AJ 

AJ 

AJ 

Al 

0 

0 

0 

0 

0 

0 

0 

0 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

r 

3* 

3* 

AJ 

Al 

n; 

A) 

Al 

AJ 

Al 

AJ 

AJ 

Al 

AJ 

h 

0 

0 

0 

0 

0 

AJ 

0 

0 

m 

m 

in 

m 

n 

m 

rn 

m 

rn 

rn 

rn 

rn 

m 

m 

m 

rn 

0 

0 

0 

0 

0 

M 

m 

m 

P 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

P 

P 

P 

P 

P 

n 

u 

a 

Id 

u. 

(9 

X 

m 

u 

a 

Id 

k. 

19 

X 

o 

u 

a 

0 

0 

a 

X 

w 

w 

w 

w 

w 

w 

w 

Y 

w 

w 

K* 

w 

w 

w 

w 

w 

Y 

w 

Vi/ 

w 

w 

w 

w 

w 

w 

w 

w 

w 

W 

w 

w 

a. 

a. 

a. 

a. 

a. 

0. 

a. 

a. 

a. 

a. 

a. 

IL 

a. 

OU 

0 

0 

0 

a. 

0 

0 

0 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

kl 

Id 

Id 

Id 

Id 

Id 

Id 

Id 

Id 

Id 

Id 

Id 

Id 

w 

%a 

0 

0 

0 

0 

0 

0 

ei 

m 

e 

e 

m 

m 

ors 

m 

e 

« 

m 

ei 

9t 

0N 

0 

m 

a 

a 

a 

a 

a 

• 

• 

• 

•  Al 

• 

• 

• 

• 

• 

• 

•  0 

• 

• 

• 

• 

• 

• 

• 

N 

N 

N 

fs. 

N 

N  P 

N 

N 

N 

r^ 

N  P 

N 

N 

N 

N 

N 

tv. 

v4 

^  19 

H 

>4 

X 

#-• 

«4 

«-4 

M 

« 

M 

M 

p 

P 

P  P 

P 

P 

P 

P 

p 

P 

P  P 

P 

P 

P 

P 

P 

p  1 

OS 

m 

ID 

n 

a 

CD 

O  4 

m 

n 

a 

m 

n 

0 

O  4 

0 

* 

0 

0 

O 

0 

o 

O 

••n 

*!► 

•>4 

^  o 

«4 

^4 

«4  o 

*4 

1 

1 

1 

1 

1 

1 

t  ^ 

1 

1 

1 

t 

t 

1 

•  ^ 

1 

1 

1 

1 

1 

1 

1  «-< 

r 

r 

T 

r 

T 

T 

r  a 

01 

01 

in 

01 

01 

01 

0  a  ‘ 

iO 

0 

0 

0 

If) 

0 

03)111111 

01 

in 

in 

0) 

in 

0) 

01  uj 

01 

01 

01 

in 

01 

in 

in  w 

0 

ISi 

0 

0 

0 

n 

n 

m 

rn 

m 

rn 

rn 

rn 

m 

rn 

rn 

m 

rn 

m 

0 

0 

0 

0 

0 

0 

..  n 

..  u 

..  a 

..  Id 

•*  b.  «• 

19  •• 

X  M  .. 

m 

u 

„n  .. 

td 

..  k.  •• 

0 

••X  «*  •• 

m  .. 

U 

..  a  .. 

0  .. 

0 

..  0  .. 

X . 

fs 

fswrswfswfvwfs 

w  Al  cn 

w  m 

w 

CD  w  Al 

w 

m  w  fn 

w 

fi  w  m  m 

w  m 

wQOOOOOnO, 

uiii>u)u.(au.tflu.tau.uiu.ti]k.uicou.(ak.tak.to 

k.  0)  U>  P 

k. 

0h.00ib0h»0k.0k.0k.0k.0k.N.|vtvt<^K.rvts.tvi 

n  •- 

m  •• 

rn  •-  n 

rn 

71  m 

•-rn 

rn^-m 

in  —  m 

•-  in 

0^0 

taeiu0ao(ij0u.ert9eixei<coeuetae}uj 

eih.ei<9 

0 

X0<oau0Q0U0k.000X0C0UO0k.t9X 

/V 

4^ 

4«V 

4^ 

^  /> 

^  4^ 

/n 

e\ 

4^ 

/^ 

r\ 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o  o 

o 

O 

o 

o 

o 

o 

D 

o 

O 

o 

o 

O 

rs 

4^ 

,  , 

4^ 

4n  4V 

rs  r\ 

rv 

fS 

rs 

rv 

rs 

4% 

4^ 

4V 

4V  ^ 

rs  ^ 

r\ 

/> 

/>V 

4V 

ry 

*•4 

44 

•4 

♦4 

44 

#4 

«4 

44  44 

4^  ^ 

44 

44 

44 

44 

44 

«i4 

44 

44 

44 

44 

44 

n 

0 

o 

0 

n 

a 

P 

a 

a 

O  (9 

41  ^ 

a  a 

a 

a 

P 

a 

a 

n 

n 

a 

a 

a 

a 

a 

p 

P 

p 

P 

p 

p 

P 

p 

p 

p  p 

p  p 

p 

p 

P 

p 

p 

m 

p 

p 

p 

p 

VI 

p 

v^ 

W 

w 

V4 

N4  W 

w  w 

w 

w 

w 

V./ 

v^ 

V 

Vi/ 

Vi/ 

v^ 

V/ 

w 

>, 

N. 

■N. 

N. 

N. 

>v 

N. 

N, 

■N.  >. 

•v.  >» 

V. 

N. 

>. 

S. 

>v 

Vs 

Vs 

Vs 

Vs, 

Vs 

Vs 

N 

A 

rv 

4^ 

4V  4V 

rv 

4V 

rv 

/^ 

4V 

rv 

r\ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O 

<D 

a 

OS 

in 

a 

a 

a 

0) 

a  a 

o  o 

O 

O 

O 

b 

b 

44 

44 

44 

44 

44 

44 

tH 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n  0 

r  9* 

T 

X 

r 

T 

9* 

r 

?• 

r 

T 

r 

r 

9* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

m 

O 

n 

m 

n 

a 

a 

a 

a 

a  a 

a  a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

p 

P 

p 

p 

p 

p 

p 

p 

p 

p  p 

p  p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

4 

♦ 

4 

4 

4 

4 

4 

4 

4 

4  4 

4  4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

♦ 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Al 

0 

0 

0 

0 

0 

0 

0 

0 

0 

rn  rn 

in  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

P 

P 

P 

P 

P 

P 

P 

P 

P 

p  p 

p  p 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

0 

0 

0 

X 

a 

u 

a 

Id 

0 

a  X 

a  u 

Q 

Id 

0 

a 

X 

a 

U 

O 

0 

0 

a 

X 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4  4 

4  4 

4 

4 

4 

4 

4 

4 

♦ 

4 

4 

4 

4 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

r 

T 

T 

T 

•r 

3* 

r 

T 

T 

9*  9* 

T  9* 

9* 

9* 

r 

9* 

9* 

r 

9* 

r 

9* 

r 

r 

9* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0  0 

0 

0 

0 

0 

0 

0 

AJ 

0 

0 

AJ 

ni 

AJ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

P 

P 

P 

P 

P 

P 

P 

p 

P 

P  P 

P  P 

P 

P 

p 

P 

P 

p 

P« 

»  p 

P 

p 

p 

P 

0 

0 

0 

X 

a 

U 

Q 

w 

0 

a  X 

a  u 

Q 

U 

0 

a 

X 

a 

U 

a 

0 

0 

o 

X 

Y 

w 

w 

V4 

v./ 

w 

Vi4 

w 

S4  V^ 

w 

w 

w 

w 

w 

w 

V4 

V4 

V4 

W 

SJ 

W  V4 

V 

w 

w 

w 

w 

w 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  X 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X  X 

X  X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

u 

Id 

Id 

Id 

kJ 

w 

Ui 

kJ  hi 

U  0 

U 

w 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a 

a 

a 

aN 

a 

a 

O 

a 

a 

a  ars 

a  a 

a 

a 

a 

a 

aN 

a 

a 

a 

a 

a 

a 

a 

t 

t 

• 

•  0 

• 

• 

• 

• 

• 

•  *0 

t  • 

• 

• 

• 

9 

■  0 

• 

9 

9 

9 

9 

9 

9 

N 

fs. 

N 

N  P 

fv 

rv 

N 

fs 

rv  rv  p 

N 

N 

N 

N  m 

N 

N 

N 

N 

N 

N 

N 

(.4 

•4 

44U 

44 

44 

44 

44  44  Q 

44  w 

44 

44 

44 

w4  ItJ 

44 

44 

44 

44 

44 

44 

44 

CD 

n 

o 

n  4 

a 

a 

a 

a 

a 

p  p  p 

a  a  ♦ 

a  a 

a 

a 

a 

a 

P  •* 
a  ♦ 

a 

a 

a 

a 

a 

a 

a 

•  r4 

•r^ 

—  O 

44 

«4 

«4  44  O 

44  ^ 

44 

44 

44 

44  O 

44 

44 

44 

•>< 

44 

44 

44 

1 

1 

1 

1  ^ 

« 

• 

1 

• 

1 

C  •  44 

1  • 

I 

• 

1 

1 

1  <-« 

1 

1 

• 

1 

1 

■ 

1 

O 

o 

o 

O  3 

«4 

44 

•4 

44 

44  <4  3 

0  0 

0 

0 

0 

0 

0  3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  CJ 

01 

01 

a 

a 

a 

a  aw 

a  a 

a 

a 

a 

a 

a  w 

a 

a 

a 

a 

a 

a 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

..  0  .. 

0 

..  X  ••  •• 

n  .. 

u 

••  a 

..  Id 

..  0  .. 

a  ••x  ••  >• 

a  ..  u 

••c 

..Id  .. 

0 

••a  •• 

X  ••  •• 

a  .. 

u 

•.  a 

..  0  .. 

0  .. 

a 

-  X 

w 

0  w  0 

S4 

0  w  r  9*  w  5* 

J4  w 

9*  ^ 

9*  V^  9* 

9*  ^  a  a 

winwoiVi/av/in 

w 

a  w  tn 

V4  in  to 

V4  in 

in  V4  in  w  in 

w  to 

w 

0 

0 

0000000000000 

to  0 

a0a0to0aa0a0a0a0a0a0a0aa0a0a0a0a0a0a0 

0*-0 

0  •—  0  0 

—  0 

0  •- 

0  — 

0—0 

—  0  —  00 

—  0  — 

0  — 

0  —  0 

0  —  0 

—  00 

—  0 

0  — 

0  —  0 

—  0 

0  — 

a 

0at9axa<:»auaaa0a 

0aaaxa<aaueoa0a0aaaxa<mauaQa0a0aaaxa 

131 


A367.  CUIOJ  -SFSa?  A37E:  CUIO] 


^  ^  ^  ^  ^ 

•  9  •  •  •  • 

~ina)99im 


W  W  w  w  w  w 
♦♦♦♦♦♦ 

gfin^oa 

(n  M  ri  w  rl  <*i 

W  W  «  «•  «  M 

anianafl) 

w  «  «  »  M  M 

W  W  w  W  W  W 

^  ^  cn 

to  (O  U)  (0  ID  U*  QU  I 

^  «4  W  v4  *4  ^  4  ^ 


< 
M 
N  9 

nj  A 

91  n 

a  M 
91  a 


5  5 


«i  a  M  «  «  M 
loaaaaamr) 
a wawaMoo 


« tn 

o  a 

»4^»4»4.h«-i33  I  3a 

WWWWWW|_#CJ^tMiW 


N  9 

a  ^ 

aa 

us 

9  a 

N. 

r»  a 

o  a 


N  9 

a 

aa 
a  a 


n  a 

o  a 


3  a  3  a 


8 

?. 

rsta 

a  a 


a 

a  o 
a  ^ 

a  3 

w  ei 


O 

T 

S 

9  N 

S» 

S8 

a  ♦ 

N* 

a  ri 

a  o 

a  4-1 

a  3 


si 

a  ♦ 

N. 

a  ry 

a  o 

a 

a  3 


0  43 

T  m 

<  ^ 

a 

9  U 

S8 

au  I 
a  -  ✓ 

s. 

a  n 
aoo 
a  ^  w 
a  3  3 


NN 

aa 

aa 

a  u 

«  aa 


fv  N 

aa 


a  a 

aa 


N  N  N 

aaa 

a  a  a 

aax 

a  a  a  I 

♦  ♦  ♦ 


OOOOOOO^  oooo 

§§§§§§1  §§§i 


f  I  f  I  f  I 

A  A  A  A  A  A  A 


A  A  A  A 


^  ^  ^  ^  ^  ^  ^  ^  » 


aa 

4  4 

NN 

aS 

?? 

aa 


aa 

4  t 

NN 


RRSRS 

a-aana 


♦ 

aa 


WWW 

•v  V  V 
r\  fs  r% 

aaa 

4  «  4 

NNN 

“«2 

an 

—  aa 
a  u  a 

♦  ♦  ♦ 
aaa 


8888 


aaaa 


8888 

S8SS 

♦  9  ♦  9 

aaaa 

4  4  4  I 

a  a  a  a  a 
a  a  a  aa 
a  a  a  a  a 
a  91  a  a  a 
♦  a  u  Q  a 


aaa 

aaa 

aaa 

u.  a  X 
♦  ♦  ♦ 
aafu 

444 

aaa 

aaa 

aaa 

aaa 

b.  a  X 


88 

S8 

aiu 

N  «  4 

a  a  a 
aa 

a  a  a 
a  a  < 
4^  a  u  I 


aa 
a  a 

!S** 
a  bj 
♦  ♦ 
a  a 

a  a 
a  a 
a  a 


nwwwwwwwmww« 

OWWWWWWWQWWV 

wb.ljuh»b«b*b.U*4>4U.h.L 
11(111  3 -4  —  *-4  ^  —  3  « . 

x^^^'^^^waaaaaaawaac 


^^^«H«H4-4fri^i*r^Naaaaoo<-*«^AJaaaaaaNNNNtvNts.aaaaaaaaaaaaaaaooooo 

aaaaaaaaaaaaaaaooooooooooooQogoooooooooogggogooo^^^^^ 

aaaaaaaaaaaaaaar»*2r»*2!2^5^r^‘»!^?t3^S^£?!£»!riC2^£?t£?t.^iCC?3^?tS?t 

uauib*ox<<a<a<aca<aicai<a<a<<aaLiobitft.axauouju»G)X4caL)au)b.oxcatjObj 


^  ^  ^  ^  ^  ^ 
^  ry  ^  r\  ^  ^ 

«>4  ^  ^  ^  W  ^ 

^9  ^9  ^9  Q)  ^9  ^9  ^9 
a  a  a  a  a  a  a 

a  a  a  a  a  a  a 

auafath.ox 


j* 

a 


a 

o 

• 

a 

o 

4^  I 
rv  bJ 
w  ^ 

-4a 

X  ni  flu  I 

4  W  4^ 

a 

n  a  ri 

0000 


t  3  i  3  N  3 


a 

rs 

a 

a 


a 

m 

9 

a 

•-I  41 

a  0 

w  4i 
-4  ♦  w 
-4  -4 

a.  a  0- 

t  a  3 

9  NNfsNNNN 
ri^naafuaiuAia 

04>40aaaaaaa 

-4a«Hauaah.ax 

3w3aaaaaaa  t 


a  a  a  a  a  a  a 


9  9  9  9 

aaaa 

^  —4  ^  ^ 

9  9 

a  a 

9 

a 

-4 

fl9  19  19  a 
aaaa 

aaaa 

mcj 

a  a 

a 

a 

III  III 

S  S  S  a  a  S  a 
a  a  a  a  a  1*1  a 

wwaaaa a 

a  a  a  a  a  a  a 

a  a  a  a  a  a  w 

W  W  W  W  w  w  w 

aaaaaaaa.  1 

«.4^«^v44>4«-|4H4  :  r4' 


axaBBaa^f^ 

aaaaaaaoo 

>k'vN»>»>.N.N.-4r4 
I  —4  -4  4"4  «a4  ^  ^  3  I~ 


a  -ti 
N  0 
a 

r4  a  w 

a  9  a 
a  -4  a 


a  nnnnnnn 
r^9  r^aaaaaaa 

oaoaaaaaaa 

4-1-44-iauaub.Qx 

3o3aaaaaaa 1 


m 

a 


fs 

a 

a 


a 

a 


1111(1-4 


^«^x^www.4'cjww^  ♦  ♦  ♦♦  ♦  >-'<.<4<>-^^'y'««'wv/wwwwwww^w4wf  ♦  ♦  ♦  ♦  ♦ 


a 

a 

a 

a 

a 

a 

a 

a 

0 

0 

4^ 

—4 

-4 

«>4 

-4 

-4 

«>4 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

10 

rs 

ts 

a 

a 

a 

0) 

a 

a 

a 

a 

0 

0 

0 

0 

0 

0 

rs 

ts 

ts 

rs 

rs 

rs 

fs 

N 

a 

a 

a 

a 

0 

a 

0 

0 

a 

a 

a 

a 

a 

a 

a 

S 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

r. 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

< 

a 

< 

a 

< 

« 

a 

<. 

a 

< 

a 

u 

a 

a 

u. 

19 

X 

a 

u 

a 

u 

u. 

a 

X 

a 

u 

a 

w 

h. 

a 

X 

c 

< 

a 

a 

< 

a 

u 

a 

w 

h. 

0 

X 

a 

u 

a 

hJ 

u. 

19 

132 


eiF(ccFS3a3'2*FS39i-a*sB3aa'e)/<f6siJ)>-eoo,o 


o  o  o  o 


oo  oooooco  ooooooo 


m  m 

8  S  8 


8  S  8  §  8  8  §  §  §  8  8 


Al 

Al 

AJ 

Al 

N 

01 

PI 

N 

8 

N 

01 

Pi 

n 

n 

n 

n 

91 

91 

99 

99 

4 

4 

4 

4 

At 

ni 

Al 

AJ 

^  «  rs  ^ 

lU  fU  (U  fU  fU  fU  Al 


AJ  lU  lU 


incnriin  winiAinrtinni  ricnn 

m  m  m  m  nmnscpan  nan 


m  m  m  m  m 

♦  ♦  4-  ♦  ♦ 

Ai  ru  ftl  AJ  flJ 


•>4  *4  «H 

id  ^ 

«  n  n 

n  u  a 

♦  ♦  ♦ 

Al  Ai  AJ 

«  •  < 

cn  fn  in 

So  Q 

n  n 

w  n  M 

n  u  a 


S  R  R 

«  «  » 

¥  If  9 

AJ  Al  Al 

•  4  4  4 

n  n  n 

So  o 
n  n 

«  M  M 

kl  b.  a 


A.  ft.  0.  0.  A.  a. 

X  X  X  X  X  X 

Ul  til  111  til  bl  Ul 

N  o  n  «  e  n  a 

AJ  •  •  •  •  •  • 

in  N  N  N  IS  N 

a  *4  ^  ^  .4  *14  ^ 

«  W  W  M  M  M  W 

4  CO  n  n  n  m  n 


A.  D. 

><  X 

til  14 

n  ns 

•  •  AJ 

s  s  w 

•4  ^  a 

M  mm 

D  0  4 


m  n 

11  g 

o  n 

01 

8 

n 

0 

8 

0 

8 

PI 

O 

99  99 

99  99 

99 

99 

M 

4  4 

4 

4 

4 

4 

4 

Al  Al 

AJ 

Al 

AJ 

0 

AJ 

*4 

w4 

09  01 

01 

01 

01 

0 

0 

P)  PI 

PI 

PI 

n 

0 

0 

m  91 

m  99 

99 

m 

W 

fi  u 

o 

ItJ 

h. 

o 

X 

4  4 

4 

4 

4 

4 

4 

AJ  Al 

Al 

AJ 

ru 

Al 

Al 

PI  PI 

PI 

PI 

n 

PI 

0 

n  o 

m 

m 

o 

O 

m 

PI  p) 

PI 

PI 

0 

PI 

0 

91  99 

99  99 

99 

m 

m 

n  u 

Q 

hi 

h. 

a 

X 

w  w 

w  W 

w 

Y 

•u 

W  S.4 

w  w 

w 

w 

A.  0. 

A. 

0 

A. 

CL 

Ou 

K  X 

X 

X 

X 

X 

X 

hi  hi 

hi 

Ui 

hi 

ui 

bJ 

ti  ei 

n 

ei 

n 

0 

ei  s 

•  • 

• 

• 

• 

• 

9  AJ 

N  S 

s 

s 

N 

s 

N  m 

r4  ^ 

W 

hi 

99  99 

99  m 

99 

M 

1* 

0  0 

o 

o 

ra 

0 

O  4 

99  99 

99  99 

91 

m 

99 

»f-i 

I  I  I  I  I 


e  t  I  I  I  I 

cn  cn  tn  in  0)  cn 

o  a  o  o  o  o 

3*  y*  3*  T  i*  T 

•  n  «.  1/  ••  a  •<  14  *. li.  ..a 


1^.4  440  *4  ^W^^.4.40 

■  i  I  f  I  I  if4 

O  O  O  O  03  f4  ^  «4  ^  w  ^  «4  3 


.4^«4*4«444«4AJAlWftJS^AJW(U'4|U4,,<(UWtil« 

AjAJAlAIAjAIAjAJ(Uti.AjU.niU.AlSA|SAlU.A|l 


AJ  AJ  Al  Al  AJ 
T  T  T  T  T 
ouauiii. 


•4-4}4*i434lMj--4J*4^J4*«j4. 

ieiunaoi40ii.nt9eS:< 


r\  r\  ^  f 


OOOOOOO  ooooooo  ooooooo  ooooooo  ooooooo 


ooooooo 

ooooooo 

AJ  ni  Al  Al  Al  Al  Al 

I  I  f  I  «  I  I 

A  A  A  A  A  A  A 


sssspss 

AJ  Al  Al  Al  Al  AJ  Al 

I  •  «  I  I  C  I 

A  A  A  A  A  A  A 

«A  4A  ^ 

^  «  44  ^  ^ 


A  A  A  A  A  A  A 
^  ^  ^  ^ 
^  ^  ^  .4  ^ 


A  A  A  A  A  A  A 
<4  ^  ^  ^  <4  ^  *4 

^  ^  ^  44  ^  *4  #4 


4  ^  ^  ^ 

n  m  m  m  m  m 

*4  ^  .i4  ^  ^  ^ 

.H  ^  ^  ^  ^ 

.>4  v4  ^  ^ 

9^  ^ 

0  9 

900000 

»  0  W  91  »  0 

8888888 

8888888 

8888888 

8S 

%s.s.vs.nn. 

#4  44  44  «4  ^ 

Al  Al  Al  Al  Al  Al  Al 

in  *n  in  01 91  tn  9) 

91 01 01  01 91 01 91 
w  m  pi  n  m  m  01 

annnnnn 

«  «l  «•  «  M  M  to 

4  4  4  4  4  4  4 
AJ  Al  AJ  Al  AJ  Al  Al 


^  W  W  V  w  w 
s*  V  S.  4.  S  N*  V 

^  <4  ^  /4  ^  ^  44 

Al  Al  Al  Al  a:  Al  Al 

888888S 

SSS£SSS 

«  Al  91  «•  n  «  99 

4  4  4  4  4  4  4 
AJ  Al  AJ  Al  Al  Al  Al 


W  w  V 

44  ^  ^  ^  ^  ^  ^ 

Al  Al  Al  Al  Al  Al  Al 


ooooooo 

sssssss 

91  91  91  91  91  91  91 
4  4  4  4  4  4  4 
Al  Al  Al  Al  Al  Al  Al 


V  V  W  W  ^  V  w 

N.  >.  W  V  N.  >. 

^  ^  44  ^  ^  /4 

n  Al  Al  Al  Al  AJ  Al 

8888888 

SSSSSSS 

91  91  91  99  99  91  91 

4  4  4  4  4  4  4 
Al  Al  Al  Al  a;  Al  Al 


88888SS 

Al  Al  Al  Al  Al  ni  Al 

t  t  •  I  I  I  I 

A  A  A  A  A  A  A 
^  44  ^  ^  ^  r>  ^ 
^  ^  ^  44  A»  ^  ^ 


V  ^  W  W  V.*  W 

4  S. 

^  44  ^  44  44 

Al  Al  CV  A.  Al  Al  lU 

Al  n  PI  PI  m  r?  m 
oooooco 

T  T  T  3*  TT  T 
CD  CD  CD  CD  to  CO  ^9 

99  91  99  «•  99  91  99 
4  4  4  4  4  4  4 

Al  Al  AJ  Al  Al  Al  Al 


I  01  01  01  01 
I  Pi  PI  Pi  PI 
I  99  99  99  99 
I  tal  U.  O  X 
4  4  4  4 
lAlAIAlAI 


lOlOlOIOIt 

ipipincnt 

I  91  99  99  99  I 

iuauiti.1 

4  4  4  4' 

lAlAIAlAlt 


1  01  01  01  01  01  01 
1  PI  n  PI  PI  PI  PI 

1  99  99  99  W  91  99 

I  U  O  lU  U.  O  X 
4  4  4  4  4  4 
I  Al  Al  AJ  Al  Al  AJ 


I  PI  PI  PI  (Af 

1 10  to  n  n  9 

1  PI  PI  PI  PI  I 

I  99  99  99  99  9 

I  hi  U.  OX  < 

4  W  W  W  ^ 

4  s.^  %./  w  w  r 

4  >_4  W  >4  ( 

■  ti.  U»  h.  b.  • 


iplplplplf 
intDOOC 
I  PI  PI  P)  PI  t 


I  nnnnokjf 


I  PI  PI  PI  PI  p)  PI 
I  O  01  CD  QD  Q)  Q)  O 
1  PI  Pltn  PI  PI  P)  £ 

I  99  99  99  99  99  99  X  I 

lUOliHuOX-  >> 

4  ^  W 

»WNi.4W'-4w'^n»*^ 

'WWWWW'^OO 

.h.li.ti.U.Sb.^^ 

33 

ieieieiGieieicjt.j. 


.  s  s  s  s 

MU  AJ  AJ  A) 

I  M  91  (A  M 
1  UJ  h.  O  X 
>  99  M  99  99 
4  4  4  4 


ooo^«^^»’»^*^^«-»AiAjAiAjAjAiAjAiPiPipiPipiinf*iPij*j*j*Tj*j*3*j*9nviin*nin9/nn9ncDOio)Ooooooo 

TTT3»TT’**J*TTr*T3*T3*3*TTTT3*T3*T3*3*3*3*3*3‘3*T3*3*3*TTTTT3*Tr3*Tr3*T3*Tr3*r 

SOX<IDU'^9i)h.OX<COUahih.OX<acjOlilh.OX<9DUl9liJh.OX<9DUatilh.OX<«COCDUOUh.OX 


ias3)  C4S7;  eiNTccciai/SASHSti^sosa) 


~  ~ii*iincnt*»pnn2f>cHincninnjinc?cni*i(*>inin<nf“ 

IMSfiliMBMMMMaBWfiMWWMeM! 


»M«IIIIM4PM«IM«l««l»^M««l#«l 

iSSSSSSSSSSSSSSSSSS 

.>kV>*N*XV>.>»>i.N.N.V>»'VX>»>kV 

ia4B4p4B4njAiMAi<M!yfunf>)«7tfnmfnfn 

ininM<H(nriincnincni*ii*if*iwocn(n<n 

*  W  ^  ^  ^  a4  ^  ^  a4  «4  *4  #4  r4  ^  a4  ^ 

»(Aiu.oxaua(uu.t9xnuaiuu.ox 

rwwwwwwwwwwwwwwwwww 

'WWWWWWWWW^WWW^WWWW 

!ZZZZZZZ2XZZZZZ:?ZZ2 


w 

•X  mm 

**  a 

*1  V  N. 

4  9  o 

0.  i 

.  ^  flO  u 


ssSssssssIsssSssssss 

N.'SX.>wX.>.*V>»'VVVVN.N.>*NkW>k 


X'SXN.X.XNk'V'NkVVV 

(O^ttttCDNI^NNNNN 

(D0999lD000nflDQ> 


•»<kVVVS.N.>*NkN,N.>fcX‘ 

NNNNttSooooon: 

O  0  O  O  O  O  0  0  0  0  O  0  ( 


OOMH 

^^zz 

3  3  « 


auiu.0xouQiiJ(i.oX0Uowu.0xouabju.t9X0ua 

WWWWWWWWWWWWW^WWI^  ^WWWWw^WwWVi/tii/W 
ww*wwwwwwwww^wwwwwwvyw*/www«^www  w 

zzzzzzzzzzzzzzzzzzzzzzzzzzzzz 


1060000000000000000 


0000000000000000000000000002 


NNr^rNNooooooom000m00^0mm(nmm<nfn^^^9*3*^^iAintnininininu>000000sr^N 

tnuiuiinu)tninintA(n(nin0ininbiiniiitn0W0tQ00000000000000000U)000U0000io00 

^•f*TTTTa*-rTT3*^i*Ty*^*TTT3*3*T^'T3*3*y*Ty*3*TTT3*TTirTy*TS*TT9*TTy*TTTTT 

ai4jU.(pXfDUablU.(!)XOUC3fciib.0X<<aUCiklU.0XOUOttJU.0XfflLJaUllk0XCQUOUJU.0XOUa 


nminfnfnnfnfnnnmnmmnnfnmmnn  wmmmmmwomwwwwowwwwswommmmmmmm 

WWKIVIWMOWWMVIflMOOWWMMMil  00000000000000000000000000000 

000000000000000000000  «lWM0000«l0«l00M0SI«llll|A«inW«IV»«»W««MW 


r  r  r  r  : 
n  (»i  cn  <n  f 
r  r  r  T  : 

mmm  m  \ 

<<.<<* 

mmmmi 

N  fs  N  N  < 

xmuol 

w  w  > 


z  z  z  z  z  z  z : 

00000001 


*  ^  ^  ^ 

•  T  T  T  T 

I  n  n  c*i  o  n 

•  r  r  r  j* 

I  0  w  w  w  M 
:<<<«< 
I  W  MW  0  w 

.  x.  V  V.  -N.  V 

inj*j*j*  j* 
» r^  ps  N  fs 
)xouaw 

^  w  w  w  w  w 
f  W  W  W  V/ 

•hhhhh 

!ZZZZZ 


^ 

TTTf^ 
(n  <n  n  w 
r-  r  y 

M  «  M  X 

<<< 
mmm  *» 

>.>.>•  Ij 
T^T  m 
px  rs  N  A* 
te.C9X^  . 
w  w 

w  ^  w  r*i  ( 

Z  ZZg; 
0  0  0  ui  < 


■t^4<Tf*4*i*4««*4*a*«*^*4*i*4*^4*a*4*4*4*^4*** 


VV>*N.>^'NN.’N>k>.>.*>,'SN*>*>k>v’N>.>*N.S*vV's.>..N.X.V. 

^.^.l^^^^>rv^•0Ooooooo)O)6)0lno)oooooooo•-* 

njcu(uru0(u00fti0(U0AJiu(U(UAi(urufunjr)cnRnrnm{nD 

I  a4  a4  2l  W  2l  W  ^  «4  ^  a4  ^  a4  ^  a4  ^  ^  «^a4^^^v4^a4  *4  «4  ^ 

^auC3te>b.oxouaujb.iDxcauouiu.ox(ouau)u.(3Xfo 

\4WW^^V'WWWWWW>/^^WWWWWWW^-'V/WW^4W^4wW 

rtww^>/w\^w\^^i/^^v^wwww\^wwwwww^4w<«rf^^w^^w 

ohhhmhi-»hhhhhhhhhhhhmhh*hhhhmhhh- 

B4ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ 

uSeSeSeBSeeSsSSSsSsSaSSSSSsSeej 


iwaatasi 


tONNNNSf^i^oaimaoomnnnmtninn'^iunmnpirTinrnr^i'T'i’j’n/iinmuiuiuiuiiousiaiouiiatQr' 

rj*j*i*j*rj’j*j*»'»‘rrj*j*3'j*j*j"j'rru>unnuiinu»u»ininifluiinu>ininuiu>unntnu>ini/iin^inuiujin!/iui 

TT3’3>T3'3'3'T‘3’3’r3'3'3'rT3’T3’3’rT3'3’rT3’3'i’3'r3‘3’3‘3’rT3'rrT3'3'Tr3‘l‘r3‘3‘ri-3‘ 

xmuauiu.(3XB>Ljauu.axauataiu.ax<<a(jaujb.oxauab2u.oxBuc)hJu.i3xm(jBuist.toziii 


135 


•KM 


wini^iiTiwwinwwwwinMinwcn 


inWfiinfnwwMinw 


i^wf*iwn>wnifninfnwcninf 


8SS8SS8SS888SS8S  88S8S8888SSSSS8SSSSSSSS 

ii«i««igi«iii9i«ifiMwii«iw«i  «i««iMM«iii«w«in»iliiw«iiiM«i«Mii«i 


rTi*T^r:f*TTTTTTTi*Tt 

fn!nini''>(nDi^n»<ni*irti*if*>fninint 

SSSSSSSSSSSSSSSS: 

S«SSwS8SSmS8SS33’ 

N.>..XVVN»N*N,>»NkV>»N.>..N.S.j 


S*TTTTTTTTi* 

ninn<^fHfnrtntn<n 


WW>^WWWWWWW\.«WWWWW 

W^WWWWWWWWW^W^^WWf 

2!Z22ZZZZ2ZZZ222Z< 


sssssssmSS 

^couawk.(3xa9ua 

mw^www\^wwww 

OHHHHHHHHHH 

^zzzzzzzzzz 

uSSSSSSSSSa 


•  ••••••••••••I 

pirir>in(nDfnr)i*)*ncn(nnif 

wSSSSwiSSSSSMt 

'S.'SN^'W  N^’V-V'V'vV'V* 

MtAininaaatoaatoNNt 

mSRSSSSSSSSSSf 

(illi.t3XSUOUIU.(9XaUC 

WWWWWWWWWWWV^Wt 

WWWWWWWWW«^WWW« 

zzzzzzzzzzzzz: 


r  ^  W  S«/  ^ 

.  H  !-•  Hi  H  H  H 

IZZZZZZ 


aaeaaaaaaaaaaaaaci 


aaaaaaaaaaaaaaaaaaaaaaaaa 


NNQ:aofiosanmmmnan«-«Qim(*)mnm(nfn^£^9*x^3*iAiAinuiu)Uii/)aatotot^toaNNNNNNN 

NNf^t^c^Ni^Nt\^(v^NNNHoo0aoooa0aooooo00OosDO00aoDOoooaoaooo 

TTTTTTTTTTTS‘Tt*TT^^i*^^^T^rT3*y*^T3*TTy9*3*3*i*a*TTTT3*T3*3*TT3*3*Tr 

oxauotuu.0xttuabi(^ax<<auauib.0xauauiia.t9X0UabJii.0xiouQuju.t9xaL)akJu,(9x 


ixauouiia»t9X0UabJii.0xnuouju.t9xaL)akJu,(9x 


Jwfi<n<n< 

I  w  «  «  «  I 

loaaai 

I  «i  «i  «i  «•  < 

•  •  •  «  < 

'  r  r  ?  r  : 
1  in  mm  cn  I 

( S  S  S  S  i 
i  S  S  S «« ! 

*N.>*N.>*' 

3  O  ^  ^  ’ 
100001 


>»  V  N. 
000 
T  T 
I  0<U0 

Bua 

V  w  w 
Q  |M  H  ><• 

^  Z  Z  z 

3  M 

waaa 


» ^  ^  ^  ^ 
10  0  0  0  0*’ 

10  W0fi0« 
loaaaac 

I  0  0  0  0  0  « 

^  ^  i* 

10  0  0  0  0? 

ISiisSl 

*  N,  >k  N,  N» 

1  0  0  0  0  0  tl 

J0(UM00F 
3  U<  U  O  X  B  ( 


\  ^  ^  ^  fs 
10  0  0  0 

10000 
looao 
10  0  0  0 
«  •  •  • 

«  r> 

•  3*  r  j* 
1  0  0  !»}  0 

•  T  r  TT 

10  0  0  0 
c «  c  «  c 

•  >.  V  >» 
B000N 
I*  3*  J*  3*  3* 
JlUAifUnj 
3  b.  O  X  D 


r%  ^  ^  *■ 

0000r 

0  0  0  0  1 
a  a  a  a  c 

0  0  0  0  1 
•  •  •  •  I 

^  f 

T'T  TTt 
0  0  0  0  f 
j*  3*  r  r  a 

0  0  0  0  1 

«  «  «  <  4 
0  0  0  0  1 

V  'K  >»  >.  ' 

ts  N  N  N  t 
'  r  r  3*  3* : 
I  fu(u  ru  nj  r 
I  uo  bl  u.  ( 


»  ^  rs 

»in0M0(n 

100000 

\  a  so  o  o 

100000 
t  •  •  •  • 

s  rs  ^  ^ 

•  3*  3*  r  3’  3* 

1 0  0  0  0  n 

•  3*  3*  3*  3*  3* 
100000 
C  «  <  4  «  « 
100000 

>.  V 

300000 
3*  3*  3*  3*  r 

j  r\j  runj  nj  (u 
C  0  uo  bJ  h. 


H  H  HiH*H* 

zzzzz 


•  >■«  Ht  H*  I 

:zzzz; 


SSSSSswSsSSwaviSiteiateiwsieieiBie/eieiaiaei 


136 


wwwwwwfninwinww 

IS 

)  m 


(*>fnf5Wi*iWMMW(nww 


SSSS88SSS88S  8SM8S88SS8888S8SSSSSSS 

iiviwMilwilViviviMM  m9^mm  m^mmmmmm  mmm^mm  mm  mm 

(*iin<*>i’>rtnfnfnnw 

ssssiisssssslsSssisIssn 

<n  <n  j«  ?!  r  J*  j*  r  5*  yi 

rUfUAlMAlfUfUUAJU 
TTt*i*TTT3*t^T 
OXfiUa<<JCft.(9XflB 

W^WWWWWOWW 


y^TrTTri^rrH'^  t3*:  *»rTi*TTTTr: 
niniowinfinfnininfv  rtin<*i«*iincn<n(nriinini*if 
j*xrji*rxgrg'  —  —  — . 


wnwnpunininMfnfn 

- wfifi 

oaa 

mmm 

9  9  9 


S$888SSSSSS8 

N.'V’S.V'V’S.VV’SVVN.- 


mmmmmmmmmmmmt 


000019)010)010101 

noioooojbooo 

f*)fnninr)nr)<*)ricn_ 

uih.oxoua(uiii.(9X* 


ZZ2XZX222ZZ2«4 


lUAJfUAifuOAioincnfno) 

(USU(UA)AlAIAIIUCU<UAJai 

■xaiuaiuii.axauauiu. 

WWWW«,>WWWWW\./W 

nwwwww^«ii^wwwwww 

^222222222222 


icISSSSSSI 

I  M  »  «l  M  «  M  01  ' 

•  9*  a-  s*  9*  r  s*  9* 
lO^'nDOIODfn 

;ssss£ss 
» s  $  s  s  s  s  s 

»  N.  s*  -v  V 

)  u)  in  to  II)  in  to  (0 
I  ru  lu  ftj  lu  <u  HI  tu 

•  9*  9*  X  9*  r  9*  9* 

)a(jb.i3xnu 

w  w  W  V/  W  W  w 


M  !-•  H  H  H  f«  H  I-*  »»  I  . 
2222222222: 


'WWWW^WwWVi/WWW 


:2Z2ZZ22 


9*  9*  9* 
p)  m  n 
9*  9-  9* 

MOM 

sss 

X  %  N 

to  ID  ID 
fU  AJ  lU 
9*  9*  9* 
ObiU. 
w  w  w 
w  ^  w 
h>  Hf-t 
222 


0)0)0) 

SSS 

mmm 

9  9  9 

TTT 

0)0)0) 

TTT 

M  M  «! 
<  <  < 
mmm 

XXX 

SION 

(u  ru 

X  9*  9* 
(9X0 

WWW 

WWW 

HHH 
2  2  2 


0)  0)  O) 

«  W  «l 

aaa 
e:  w  «i 

•  •  • 

^ 

9*r  9- 
O)  01  O) 
9*r  9* 
in  M  •) 

ssss 

X  X  X 
h»  t*^  fs. 

rulu  ru 

xar  9* 

uo  U) 

WWW 

WWW 

H  t  !-• 
222 


oeooooooooeouwoooooooooooeooooeooooooeoooooooeioeieioeieio 


000000)0)0)0)0)0)0)«HrUO)(n(«)0)0)0)0)9*X9*9«9*9«9*tl)& 

oio)0)0)oo)mo)o)0)(n0)oaooooooo( — - — 

9*  X  9*  9*  9*  9*  9*  9*  9*  9*  9*  9*  in  in  in  in  in  in  in  in  in  t _ 

ouiti.(9xouabiu.ax<<auau)t«.axouauu.(9xouou)u.t9xot)Qiuh.Dxouob)ii.t9xouatiJ 


)9*x9*9«9*9«9*ti)inininininin(OtDtO(oiO(DtDNKNNNr^Noa)Oo 

lOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

iintnininininininintnintnintnintnininininininininininininintninui 


010)010)0)0)0)0)01010)010)0) 

oitnoooMWOlininwwsSM 

oaacsaaaoaaaaaa 


i 


•I 


n 


137 


^  ^ 

(n  piw  <n  w 

sssas 

M  «  M  •!  «3 


^  ^  ^ 
(•1  HI  in  rt  in 

«  M  M  M  M 
aaaaa 
w  M  «  M  M 


Ti*TTT  - - - 

mil 


T.rr.ii 


(DoiDnQ!i<hoi9i0iin 
oooooooooo 
uiinuiinuiuiininintn 
b.  o  X  o  u  Q  ui  u.  a  X 


138 


AB9endix_B2__Attenuatign_SBreadsh8et_ Formulas 


This  ap-pendix  contains  a  printout  cf  all  thf»  formulas 
used  in  the  attenuation  spreadsheet.  As  in  Appendix  A,  each 
cell  of  the  spreadsheet  is  listed  on  a  separate  line  and  the 
cell  labels  are  set  up  so  that  letters  represent  columns  and 
number's  represent  rows  starting  from  the  upper  left  corner 
of  the  spreadsheet.  The  symbols  used  in  front  of  the  cell 
entries  are  the  same  as  in  Appendix  A  also. 

The  first  row  contains  variables  used  for  the 
calculations  in  the  rest  of  the  spreadsheet.  The  variables 
are  the  time  after  dispensing  and  the  cloud  scaling  size. 

The  second  row  calculates  the  ’z/V*  term  from  Eq  (42). 

Rows  4  through  70  of  the  spreadsheet  are  reserved  for 
the  values  in  rows  443  through  509  of  the  density 
spreadsheet.  In  practice^  the  entries  are  transferred  by 
first  copy ing  the  values  from  the  density  spreadsheet  into  a 
separate  file  and  then  transporting  them  to  this 
spreadsheet.  The  cells  in  the  printout  contain  only  zeros 
since  until  the  data  transferral  occurs,  the  cells  in  this 
spreadsheet  are  empty. 

The  remainder  of  the  spreadsheet  calculates  values  for 
signal  attenuation  through  the  central  column  of  the  chaff 
cloud.  Each  of  the  49  subsections  in  this  portion  of  the 
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spreadsheet  calcut.ates  the  decimal  fraction  of  the  incident 
signal  which  penetrates  through  sections  of  the  cloud 
corresponding  to  those  in  Figure  8. 
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Aggendi x_C :__An_Exam9 Le_Ca Leu Lat i on 


To  help  clarify  the  description  provided  in  Chapter  IV 
of  the  procedures  for  determining  signal  attenuation,  an 
example  describing  the  calculation  of  signal  attenuation 
acheived  by  the  chaff  cloud  is  provided  below.  For  this 
example,  the  dispensing  velocity  was  0.05  m/s  and  the  time 
after  initial  dispensing  was  six  hours. 

First,  the  cloud  model  using  the  density  spreadsheet 
was  scaled  up  by  factors  of  seven  (for  ease  of  subsequent 
calculations,  and  rescaling)  until  all  of  the  chaff 
particles  were  contained  within  the  subvolume  at  the  origin 
of  the  grid.  The  size  of  this  cube  (cube  A)  was  120.05  km 
on  a  side  with  the  subvolune  (cube  B)  17.15  km  on  a  side. 
This  is  shown  in  Figure  Cl.  The  grid  could  now  be 
downscaled  by  a  factor  of  seven  and  still  contain  all  the 
chaff  particles  inside. 

Next,  the  density  spreadsheet  was  rerun  for  subvoLumes 
2.A5  km  on  a  side  to  determine  the  extent  of  the  cloud  in 
the  i  direction  within  cube'  B.  Using  this  procedure,  the 
cloud  was  found  to  extend  into  (but  not  completely  through) 
one  subvolume  on  each  side  of  the  central  subvolume  of  cube 
B  (cubes  D  and  E).  Thus,  the  cloud  was  only  7.35  km  thick 
in  the  ^  direction  at  this  point  in  time.  This  is  shown  in 


1A9 


Figure  C2.  The  number  of  particles  within  each  of  these 
three  subvoLumes  was  then  recorded  for  the  next  subscaling. 

It  is  important  to  note  here  that  only  those  subvolumes 
which  contained  a  significant  number  of  particles  at  each 
subscaling  were  considered  further  in  the  attenuation 
calculations.  A  significant  number  of  particles  was 
•determined  to  be  the  number  of  particles  which  caused  an 
attenuation  of  0.1  percent  or  greater  when  Eq  (42)  was 
applied.  For  a  subvolume  of  0.35  km  on  a  side,  this  number 
was  determined  to  be  approximately  545,000  particles.  For  a 
subvolume  2.45  km  on  a  side,  26.6  million  particles  was 
considered  a  significant  number. 

Now,  the  spreadsheet  was  again  used  to  downscale  the 
cloud  using  dimensions  of  0.35  km  on  a  side.  For  the  center 
subvolume  from  before  (cube  C),  the  origin  was  left  at 

=  (0,0,0).  However,  for  cubes  D  and  t,  the  origin 
was  moved  2.45  km  (5.82x10  ^  RU)  in  the  plus  and  minus  ^ 
directions,  respectively.  The  number  of  chaff  particles 
within  the  central  column  of  cubes  C,  D,  and  E  ((17,^)  equal 
to  (4,4))  for  each  of  the  seven  values  of  |  were  now 
recorded.  For  this  example,  21  sub-subvolumes  0.35  km  on  a 
side  (cubes  F  through  Z)  were  found  to  contain  a  significant 
number  of  particles  to  be  recorded.  Cubes  F  through  Z  are 
shown  in  Figure  C3  and  the  number  of  chaff  particles 
contained  in  each  cube  is  shown  in  Table  Cl. 
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Each  of  these  21  sub-subvolumes  through  the  thickness 
of  the  cLouc*  was  now  examined  individually.  The  scale  of 
the  spreadsheet  was  again  reduced  to  provide  cubes  0.05  km 
on  a  side.  The  origin  of  the  grid  was  moved  in  each  case  to 
the  appropriate  |  location.  Since  only  the  central  column 
of  the  chaff  cloud  was  examined  in  detail,  the  coordinates 
for  both  h  and  were  always  zero  as  the  origin  was  moved 
back  and  forth  through  the  chaff  cloud. 

Finally,  using  the  attenuation  spreadsheet,  the  signal 
attenuation  through  each  of  cubes  F  through  Z  was 
calculated.  Then,  each  of  the  21  attenuation  values  for  the 
21  cubes  with  equal  to  (1,2)  were  multiplied  together 

to  obtain  the  signal  attenuation  through  the  entire  chaff 
cloud  at  those  coordinates.  Attenuation  for  the  other  44 
significant  CH,?)  values  were  then  calculated  in  a  similar 
manner. 

Since  the  effectiveness  of  the  chaff  cloud  is  only  as 
good  as  the  worst  attenuation  value,  the  highest  value  for 

Pout  obtained  in  the  above  calculations  was  chosen  as  the 

* 

overall  attenuation  value  for  the  chaff  cloud.  Using  the 
above  method,  the  signal  attenuation  for  the  chaff  cloud 
with  a  0.05  m/s  dispensing  velocity  .iod  at  a  time  six  hours 
after  dispensing  turned  out  to  be  -IS. 3  dB  ^^out^^in  “ 
0.0149).  Therefore,  the  cloud  is  "effective"  for  these 
parameters  of  velocity  and  time  after  dispensing. 
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The  above  procedure  was  repeated  for  every  combination 
of  dispensing  velocity  and  time  after  dispensing  that  was 
examined  in  this  study.  Although  the  signal  attenuation  and 
the  number  of  times  the  cloud  was  scaled  up  and  down  varied 
for  each  change  in  dispensing  velocity  arid  time  after 
dispensing^  the  overall  procedure  was  very  similar  for  the 
additional  runs  required. 
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